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Foreword to the Second Edition 



HEN Hunger Signs in Crops was first projected, those 
who cooperated in preparing the book believed they would 

u ^ offering the agricultural public a much-needed treatise 
on the subject. Although rapid advances had been made by agri- 
cu ura scientists in the study of nutrient-deficiency symptoms in 
crops, their work had not been assembled in convenient form. 

As in all such ventures, there was much uncertainty about the 
reception such a book would be accorded. Concern on this point 
was soon dispelled. Immediately after its announcement, orders 
gan pouring in. Three printings were required, and high praise 
for the volume came from numerous organizations and individuals 

feents and? f'’ ^"dustrial chemists and agronomists, county 

it of agriculture. Many farmers found 

It of much use in deciding on their fertilizer program. 

?k 5*S'S“ s;' “s “ ss: 

y e chapter authors to the revision. Credit is due also to their as 
Fertrze? As‘socM„''”'"“” Agronomy and the National 

second edition of Honoer SioL in CropI We hope irw^^con' 

ttnue to serve the cause of an ever better Amerkan rgrfcuiture: 

Firman E. Bear, Ptesident 
American Society of Agronomy 


Washington, D. C.V 
September 1949 


Russell Coleman’ President 
The National Fertilizer Association 











Foreword to the First Edition 



HEN we human beings lack certain essential nutritive 
elements, we get serious nutritional diseases — rickets 

* V calcium, phosphorus, and vitamin D- 

nutritional anemia from a lack of iron; beriberi from a lack of 

lamin , pellagra from a lack, probably, of nicotinic acid ; scurvy 

rom a lack of ascorbic acid; and so on through a considerable list. 

physidans^^”^^ diseases are pretty clearly recognized by 

Even when there is no acute disease, an essential nutritive ele- 
ment may be sufficiently lacking to give us a borderline case- 
some minor but perhaps troublesome ailment that keeps us from 
being really healthy. Frequently these borderline ailments too 

Much Of this knowledge is new, and it is of untold value It 
means that many human ills-even many untimely deaths^an 

Stv\o meetl-h'^ absolutely needless; much of our common in- 

vigor can be eliminated™ 

theirttoi'fornf "" ‘o “hieve 

se tmnp for us. As the modern knowledge of nutrition soreads 
anyone who will take the trouble to understand and use it has the 

wXn his own Tandy's"'"'’ '-d. 

At the same time, farmers are now better able to feed their livp 
stock for maximum health and productiveness because knowledi 
of human and animal nutrition have advanced together ^ 

plams? fertilizers and crop 

too'arTlivLg tUngs “^ev t". ”■ T 1 , 
be ill and die'tfe; h^TeThd^rte:: 

as do we human beings. Many of these elemTnlf in f , 

same ones we reouire Wit-^innf fv. ,1.1. ^ are the 

hidden hunger It needs a ha in a"!!’ P'“‘ ^“fftrs from 

gor. It needs a balanced diet as much as we do. 
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You cannot tell a plant to stick out its tongue and say “Ah,” 
but there are other ways of examining it for symptoms of ill health. 
It may show unmistakable signs of hidden hunger — nutritional 
deficiency — if we can only recognize them. 

The purpose of this book is to help us to recognize the signs of 
nutritional deficiency in crop plants. It was written by scientists 
who have made a close study of this subject, each in his own par- 
ticular field, for many years. 

As in the case of human nutrition, the best thing about this 
knowledge is that it is not all in the hands of the experts; it can 
be used by the layman. The farmer who will take the trouble to 
study the symptoms of malnutrition in plants is in a position, in 
many cases, to correct the difficulties himself. 

Much of this knowledge also is new. A few years ago, for in- 
stance, what farmers called “firing” of corn was attributed to 
drought. Now it is known that though firing of corn is made 
worse by lack of moisture, it is fundamentally due to nutritional 
deficiencies — shortage of essential elements in the food supply of 
the plant. 

And just as one nutritional element after another was found to be 
vitally necessary for human health, so one element after another 
was found to be essential for the health of plants. There is a real 
parallel between the discoveries in these two fields. 

After it was found that lack of one or another plant food could 
cause definite nutritional diseases in plants, the next step was to 
make a close study of the symptoms. A number of scientists 
have been doing this in the United States and other parts of the 
world for many different kinds of plants and many plant foods. 
They have used field studies, plot studies, pot studies, and nutrient- 
solution studies. 

The work requires great patience and a close knowledge of what 
the plant is like in normal health. The scientist notes down every 
visible effect or symptom in a plant deprived of this or that element, 
being careful not to be fooled by something that is not a symptom. 
Then he tries to put the complicated lot of symptoms into some 
order and describe them with the utmost accuracy so they will be 
understandable and useful in diagnosis. 

That is what has been done in this book for a considerable num- 
ber of important crops. 

Some of the chapters include a key for quickly identifying a de- 
ficiency by its symptoms. These keys are arranged in the form 
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WHAT THE BOOK IS ABOUT 

sometimes used for plant identification, with all coordinate headings 
marked by the same letter, rather than in ordinary outline form 
There is also a wealth of illustrations in color and in black and 

white. With the accompanying legends, they are intended to tell 
as complete a story as possible by themselves. 

The book is not to be considered as the final word by any means. 
Active work is still going on in this field, and much remains to be 
done. The reader will note, for instance, that there is not as com- 
plete or as definite information about all deficiencies in some crops 
as in others— sometimes because of inherent difficulties, sometimes 
because less research work has been done in the latter cases. 

Thus, the farmer will need to use caution in diagnosing deficiency 
symptoms, and where there are uncertainties he will want to eet 
expert help from scientific workers. He should be especially careful 

about confusing deficiency symptoms with conditions due to disease 
organisms, insects, or other causes. disease. 

In a few cases, injuries caused by excesses of certain elements 
are mentioned in the text or illustrated in figures, but no attempt 
has been made to cover this subject systematically 

Now a brief account of how the book came to be written 

Early m 1936, The American Society of Agronomy felt that 

th II symptoms of malnutrition in plants— 

though there is much yet to be discovered— to prepare a monn- 

fne M^d ^ Th ^ ^ monograph would fill a grow- 

g need. The Committee on Fertilizers, headed by R M Salter 

appomted a subcommittee to look into the possibilUies; with J E 

CnSfanV tL\mh”:rr;ere"‘“ ‘a m“!'' ™ 

colored mustratL'fas trrn"Thi: ca^e 

use ulness. However, the authors, as mlSrs of tZ 7"'™“ 

tion; CharlesTBr“ni and H R , “”P»^- 

and effort that would ordinarily hal bel'^'fl' 

penses; and The National Fertilizer As^iaC, lougL Its Soii 
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Improvement Committee, agreed to be responsible for the sale of 
enough copies, in addition to the ordinary demand, to make a fairly 
large printing possible and thus materially reduce the cost per copy, 
(While these acknowledgments are being made, credit should also 
be given to Marion J. Drown for a great deal of detailed editorial 
work on the chapters, and to Mary A. Bradley for indexing.) 

So wide a range of material on malnutrition symptoms in plants 
has not before been brought together in a single volume, and it 
should be useful alike to farmers, students and teachers of agri- 
culture, technical workers, and everyone concerned with the proper 
management of soils and crops. Care has been taken to keep 
the book as nontechnical as possible so as to give it wider useful- 
ness. Even the usual lengthy bibliographies have been cut down 
to a few references. Fertilizer analyses, however, appear through- 
out the book in the technical form. This is so familiar to farmers 
and others concerned with agriculture that it hardly needs explana- 
tion. In such an analysis (4-10-6, for example) the first figure 
stands for the percentage of nitrogen (N) in the total mixture, the 
second for the percentage of available phosphoric acid (P 20 r,), and 
the third for the percentage of available potash (KoO). 

The editor would be remiss if he did not emphasize one other 
reason why he thinks the book is important aside from the main 
point, which, of course, is its immediate practical value. It marks 
one more step in the study of nutrition from the soil on up through 
man. What the soil does not have, plants will not get, and ani- 
mals and men will lack also. The welfare of man is intimately 
bound up with the welfare of soils and plants because all our food 
comes in the first instance from plants; even our meat, milk, eggs, 
and fish are simply plant substances rebuilt into other forms. 

There is a vastly significant story here which we can see as yet 
only in dim outline. Much more will be heard about it as times goes 
on, and everything that will help to fill in the many gaps in the 
story is a contribution to human welfare. 


Washington, D. C. 
March 1941. 


Gove Hambidge 
(Editor, First Edition) 
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CHAPTER I 



Why Do Plants Starve? 

By George D. Scarseth and Norman J. Volk ^ 

V O ONE worries about a healthy plant. It is when a plant fails 
o grow vigorously that the farmer becomes concerned A 
plant will slow down in its normal rate of development or 

ralrs^tlfr I'-f 1 f the many 

factors that contribute to its well-being gets out of balance. The 

nlant^ Jurying a fish under a corn hill produced better 

hurn.H Ti, ^here a brush pile had been 

ned. The Indian did not realize that he fertilized the soil with 

ni rogen and phosphate from the fish and with potash from the 

wood ashes. Other necessary elements also were provided by the 

fish and the ashes. What they were did not matter so long as there 

was enough fish and ashes and not much corn was needed. 

THE PLANT NUTRIENTS 

nf T" • P'“'’ ‘‘ ‘o obtain a picture 

of the matenais that such a plant requires for its growth. U wHI 

in this‘’boorto'‘ha®™““1 ^ "“‘’^■^‘“ding of the articles 

s rteS’rS^ r: tar ,r rsh^o? c^ — 

con^i^t tailor ' - O' would 


4,000 pounds of stover 

1,400 pounds of cobs 

5,600 pounds of shelled corn 

5,200 pounds of roots and stubble 


a total ot about 16,200 pounds of air-dry matter Exclndina tali 
water, this amounts to about 14 200 nnnnric 5 • 

rtou^ =.tn=: tat 

in wiL^ly'^differing ImVuni ^^filch^ subSj'e^ ItVf ^ 

Pientifu. quantities ;et ber^^iahTtotaT 
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Table 1. kinds and approximate amounts of raw materials used per acre 

BY CORN PLANTS PRODUCING AT THE RATE OF 100 BUSHELS TO THE ACRE 


Substance - 

Chemical 

Symbol 

Pounds per acre 

\\ ater 

H 2 O 

4 . 300 . 000 to 

5.500. 000 

Oxvgen 

0 . 

6,800 

Carbon 

1 C 

5 , 200 carbon or 
19,000 carbon dioxide 

Nitrogen 

N 

130 

Phosphorus 

P 

22 

Potassium 

K 

110 

Sulfur 

S 

22 

Magnesium 

Mg 

33 

Calcium 

Ca 

37 

I ron 

Fe , 

2 

Manganese. ..... 

Mn 

0.3 

Boron 

B : 

0.06 

Chlorine 

Cl 

Trace 

Iodine 

I 

Trace 

Zinc 

Zn 

Trace 

Copper 

Cu 

Trace 


Approximate equivalent 


19 to 24 inches of rain 

Air is 20 percent oxygen 
Amount of carbon contained in 4 
tons of coal 

4 100-pound bags of a 32 percent 
nitrogen fertilizer 
2/4 100-pound bags of 20 percent 
superphosphate 

2 100-pound bags of 60 percent 
muriate of potash 
22 pounds of yellow sulfur 
330 pounds of Epsom salt 
93 pounds of limestone 
2 pounds of nails 
1 pound of potassium permanga- 
nate 

Ji-pound box of common borax 
Enough in the rainfall 
1-ounce bottle of tincture of iodine 
The shell of one dry-cell battery 
25 feet of No. 9 copper wire 


tied up in chemical compounds the plants cannot use. In order to 
have a better understanding of what these nutrients do for plants 
and why plants may starve for lack of them, let us review a few 
facts about each. 

Water 


From the roots that reach into the soil to the tip of the most 
remote leaf, a plant is one continuous water pipe. The solid struc- 
tures of plants are made up of cells that consist of delicately organ- 
ized gel-like substances (colloids) that have a great attraction for 
water. This attraction pulls water into the plant with such a strong 
force that almost 99 percent of certain parts of the cells may be 
water — water that has been extracted from soil containing perhaps 
only 15 or 20 percent. 

The water system in the plant is the medium through which the 
nutrients pass — whether upward through the roots or downward 
through the leaves — to the proper plant compartments to be built 

^The analyses for nitrogen, potassium, phosphorus, magnesium and calcium were rnade 
on corn at Lafayette, Ind., in 1938, 1939 and 1940. The other figures are from various 
sources. The composition of corn plants would vary on soils of different levels of fertility, 
and that of other types of crops would vary from that of corn in minor details. 
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into such foods as sugars and amino acids (the building materials 
of protein), which in turn are transformed into cellulose and other 
compounds that make up the solid structures of the plant Any 
by-products or excess material can be carried out of the plant by 
the water to be excreted back into the soil or into the air. In fact 

roots give off carbon dioxide, which with water forms a weak acid 
that aids in dissolving minerals in the soil. 

The normal functioning of a plant cell depends on an adequate 
intake of water so that turgor (normal tension or rigidity) can be 
maintained and the tissue-building process can proceed. Since 
water is continually passing out of a plant— as water vapor— 
hrough the stomata, or breathing pores of the leaves, turgor de- 
pends on maintaining a delicate balance between intake of water 
through the roots and outgo through the leaves. The cell sap 
contains various salts that exercise a “pull” on water, so that it will 
pss from a zone of low salt concentration in the soil to one of 
high salt concentrabon inside the plant cells— a process called 
osmosis. n excessively high salt concentration in the soil near 
the roots, resulting from too localized an application of fertilizer 
may upset this process and cause the plant to lose water to the soil’ 

andThe pLm wto"* 

Any slight decrease in turgor upsets the machinery inside the 
leaf, and some symptoms that resemble malnutrition may show up 
bus the appearance of the plant may suggest starvation of nitro- 
gen, potassium or some other element. In fact, there may actually 
e starvation, for droughts that cause plants to suffer for water 
may also affect the availability of nutrients and their accessibUitv 
to the roots. Roots are dependent on the movement of plaS 

nu rients m the soil moisture. The movement of nutrients in the 
soil decreases as the soil moisture becomes depleted. 

Oxygen 

Fortunately the earth is blessed with a liberal supply of oxveen 
which IS as vital to plants as it is to man. It is seldom realized^flipt 

1 r * ' of the composition of the dry ma^tter'hi 

a p ant is oxygen. It combines with the other elements hsM n 
able 1, forming oxides and complex organic comnnimrio 

plant IS functioning in full vigor and health there is a shifting Tnd 
balancing of the oxygen between the elements k ^ ^ 

arranged into plant-tissue parts. This shifting of the^oxyg^nTs 
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called oxidation when it involves adding oxygen and reduction when 
it involves taking away of oxygen. 

In certain reduced forms, some elements become poisonous to 

the plant. Two such poisons that are very common are the nitrites 

and sulfites. In the oxidized forms — that is, with oxygen added— 

these become nitrates and sulfates, which are nontoxic. Reduction 

is as necessary as oxidation in healthy plants, however, because some 

compounds such as the nitrites are reduced still further to be used 
in building proteins. 

Any upset in the balance of oxidation and reduction processes 
resulting from an unbalance in the nutrients taken into the plant 
will show up in an unhealthy symptom. Potassium may be men- 
tioned as an important element affecting the oxidizing and reducing 
processes. When insufficient potassium is present in a plant such 

as corn, iron is made insoluble by excessive oxidation and accumu- 
lates in the nodes. 

Carbon 

Carbon appears in many forms — as the pure crystalline diamond, 
as graphite in lead ’ pencils and axle grease, as coal and soot, as 
the carbon dioxide that gives the sparkle and fizz to soda water. In 
plants, it is a brick in the cell walls of the tissue, a component of 
sugar, an atom in the flavor of the juices, a part of the structure of 
color, and even an element in the fragrance of the blossom. In fact, 
carbon is the keystone of all organic substances. Before there 

could be life, carbon had to be organized into many of its thousands 
of combinations with other elements. 

Carbon is pulled out of the carbon dioxide of the atmosphere and 
built into these extraordinary structures by the energy of the sun 
acting on the green sacks of chlorophyll in the cells of the leaves. 
This is a master construction job not yet duplicated by man. 
Whenever a plant is unable to perform this construction job with 
carbon because of a shortage of some element necessary to the 
process — or because of an excess, from which an unbalance some- 
times results — some symptom of abnormal functioning may appear. 

It is seldom appreciated that plants must use carbon for their 
growth in the large amounts indicated in table 1. The air contains 
only about 3 one-hundredths of 1 percent of carbon dioxide. Thus 
vast volumes of air must be worked over by plants in order to obtain 
enough carbon in the form of carbon dioxide. In fact, if the air 
were richer in this substance, plants could grow faster and bigger 
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than they now do. The plants of the coal age did grow bigger than 
modern plants, and some geologists have held the theory that the 
atmosphere was richer in carbon dioxide then than now. 

Nitrogen 

Modern farming practices are generally nitrogen-depleting. 

When America passed from the Indian to the white man, the stort 

house of nitrogen in the organic matter of the forest and prairie 

SOI s was opened for rapid emptying. In the warm climate of the 

ou h the emptying did not take long; in the cooler North it has 

been a slower process. Crop production today depends largely 

either on restoring organic matter to the soil in order that, through 

decay, it may furnish a revolving supply of nitrogen for crops, or 

on supplying nitrogen in the form of fertilizers. Both procedures 
are necessary for practical reasons. 

There are about 75 million pounds of nitrogen in the air above 
very acre of land and sea, but to most plants it is as useless in this 
g eous form as sea water is to a thirsty man. The atmospheric 
ni rogen must be combined with oxygen, carbon or hydrogen before 
It IS of any use to growing plants. Some bacteria, such a! those on 
egume roots, are able to perform this miracle. The chemist too can 
atrnospheric nitrogen m fertilizer forms. Nature supplied 
nitrogen in forms available to plants in relatively small amounts in 
the organic mat er of virgin soils. The process was a slow one 

sak ' InsWe'l" “P ammonium and nitrate 

which there is a large number. The amino acids are recombined to 
form proteins. Any unbalance, whether from insufficiency or ex 
cess, m the supply of nutrients will upset this process. Since nitro- 
gen, as the most important plant-food element in proteins is used 
in such large quantities, a deficiency is very comLn Ze 

of plants grown on most upland soils. 

Potassium 

If you stood leaning against the wall of a bank that hart o -n- 
dollars in its vaults, and you had only one dt tn vot ^ w 

here would be a total of one million dollars and ten crts rthin 
the area occup.^ by the bank and you. Out of this arit sum 

t Z'us^ be® atilabTe 

y e. A soil may have a total of 40,000 pounds of potash 
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I potassium oxide, K.O ) stored within a volume of 1 acre to a depth 
of 6 inches, but will usually have only 100 to 600 pounds, more or 
less^ held in such a way that it is immediately available to plants. 

Xo practical device is known that will quickly release the vast 

store of unavailable potassium in the soil for the use of plants. In 

view of the large amount needed, it is clear that the fertilization of 

i-oils by adding available potash to them is one operation plant 
growers must practice. 

It seems strange that plants should need so much potassium when, 

^o far as is nov known, they do not build it into the structure of any 

of their parts. A plant will hold its potassium salts from being 

washed or leached out as long as it is living, but as soon as the plant 

IS killed by cutting, the potassium, no longer held, will be washed 

out readil\ as, for example, by rain on dried hay or corn shocks. 

borne potassium salts will also move from the plant back into the 
soil as the plant matures. 

Xot much is known about the function of potassium in plants, 

^ fore is known about what happens to a plant when this element 
is deficient. From such information, theories are advanced that 
potassium enhances the plant’s ability to resist disease, cold and 
other ad\erse conditions, and that it functions in the processes 
whereby sugars are made from carbon dioxide and water. Perhaps 
it acts as a condenser or “squeezer” in focusing the energy of the sun 
to a point where these two compounds will combine. 

Potassium starvation is so common in most of the important crops 
that all growers should know its symptoms. 

Phosphorus 

The threads in plant cells that pull the materials of the cell’s 
interior apart to form two new cells contain phosphorus. If the 
supply is scanty, the rate of cell division is slowed down and the 
plants remain stunted and spindling. The formation of sugar seems 
to be independent of the phosphorus supply, for a phosphorus- 
starved plant will continue to form sugar to such an extent that the 
amount actually becomes abnormally large. Some plants tend to 
turn reddish or purplish in color with the increase in sugar content, 
and this is one symptom of phosphorus starvation. The high sugar 
content may also be associated with a decrease in the formation of 
starch and cellulose from the sugar. The formation of cellulose 
is a part of cell- wall building and cell division; thus the theory 
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holds fairly well that the formation of new cells requires an ade- 
quate amount of phosphorus. 

Phosphates, the forms in which the plants utilize phosphorus, 

are also a part of certain of the amino acids that form phosphate- 
bearing proteins. 

Since most soils have a marked capacity to convert available 

orms of phosphorus into unavailable forms, the behavior of this 

element in relation to the reaction of the soil and to the clay and 

organic-matter content, is of tremendous economic importance 

This subject IS too lengthy to discuss here; the reader may refer to 
textbooks on soils for details. 

Because of the loss of phosphorus through the destruction of 

organic matter by farming practices, through the removal of crops 

and through the loss of soil by erosion, phosphorus is very generally 

deficient in soils. A study of phosphorus-deficiency symptoms in 

crop plants is likely to reveal to the farmer that the situation is 
more acute than he realized. 




Sulfur is a major plant nutrient that has rarely been in the soot- 
ight. Plants frequently contain more sulfur than phosphorus 
calcium or magnesium, yet we seem to be better acquainted with 

? effect on crop production. Pass a cabbage 

field when it is thawing out after a killing frost, and the smell of 

ydrogen sulfide coming from the decomposing plants will be a 
reminder that sulfur is very much a part of a healthy plant 
When yellow sulfur burns, the sulfur is converted to sulfur dioxide 
0, a gas that has a choking, stinging effect if inhaled and is 
useful as a refr^erant in automatic ice boxes. In the plant, some 
of the sulfur is built into cystine, an amino acid that forms protein, 
n the soil, the sulfur may be oxidized and then combined with 
a^c ions such as calcium, potassium and ammonia to form sulfates 
One of these sulfates is calcium sulfate, or gypsum (also calleH 
land plaster or •‘plaster”). Legend has it that Benrmin Franthn 
spelled out the word -gypsum” on a hillside in Pennsylvania with 
calaum sul ate and for a time it stood out in bold contrast becau e 
the plants it affected were stimulated in growth. At a later date it 
was reported that the word could still be seen, not becaut 'he 
plants were making better growth, but because they were making 
poor growth where the gypsum had been added. Probably the 
increased plant growth following the application of gypsum had 
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exliausted the soil of other plant-food elements such as potassium 

and phosphorus until it was less fertile than if it had been untreated. 

It would have been interestins; to have had these plants examined 
for nutritional-starxation symptoms. 

Another common sulfate is ammonium sulfate, a by-product of 
the steel, coke and gas industry. It is used as a fertilizer primarily 
bicau.^e it contains 20.5 percent nitrogen in the ammonia form, but 
in tact it also contains 25 percent sulfur. The superphosphates 
made by the sulfuric acid process contain much sulfur in the form 
of calcium sulfate. Some potash is produced and used as a ferti- 
lizer in the form of potassium sulfate. Thus, sulfur has found a 
free ride back to the soil. The cost has usually been charged to the 
other plant-tood nutrients that acted as carriers. 

Rain also returns to the earth as much as 10 pounds or more of 

sulfur per acre annually. This has to be picked up as a gas by the 

atmospheric moisture from smoke produced by the burning of fuel 

^I^^t contained some sulfur. In regions where little or no sulfur- 

containing fuel is burned, sulfur for plant use may be deficient. 

Decaying organic matter also releases small quantities of sulfur 
into the air. 

I lant.s that ha\e insufficient sulfur show characteristic symptoms 
that may resemble those of nitrogen starvation. 

MAGNESIU^r 

Ordinarily most crops contain more calcium than magnesium. 

The difference will vary with the crop and the composition of the 
soil. 

We owe the beauty of a green world of vegetation to magnesium. 

It is the key element in the molecule of chlorophyll — the green pig- 
ment in plants that traps the energy from the sun and makes plant 
life po.ssible. This pigment starts the chain of events that begins 
with green plants and goes on up through animals and man. 

Magnesium is credited with being a companion for phosphates; 
it combines with phosphates so that the latter can be moved to their 
proper places in the plants in the form of magnesium phosphate 
compounds. This bond of attraction still has some mystery about 
it and must wait for additional research to be better understood. 

Calcium 

The carbon dioxide in the soil solution makes it a potent solvent 
for calcium compounds; thus calcium is leached out of the soil as 
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calcium bicarbonate, and soil acidity is increased. Large amounts 
ot ca cium and sodium have been carried into the oceans. Sea water 
IS salty from the accumulation of sodium salts, and it would be 
mi y from the accumulation of calcium salts except for the fact 

* 1 ,^^ f removed from the water and built into 

the shells of marine animals to be deposited as limestone on the 

ocean bottom This is one of the interesting examples of how 

ca cium IS used by animals to build bony material. In plants it is 

built into the walls of the cells to form a protective “sieve” for the 

nutrients to seep through in passing into the cells. It also acts as a 

cement between the walls of the cells to hold them together. 

As the cell processes go on to develop the complex substances in 

the plant, some organic-acid by-products are formed that would 

be harmful m excessive amounts were it not for the neutralizing 

f example, is converted to calcium 
alate. The calcium m plants seems to exist in a fine balance with 

magnesium, potassium and possibly boron. Any upset in this 

balance due to an excess or a lack of any of them will result in an 

abnormal performance of plant functions. What may appear to be 

an excess of calcium in a plant may actually be a lack of one or more 

of these other elements, and the remedy may be to add the deficient 

element or elements instead of cutting down the apparent excess of 

calcium. Similarly, an apparent excess of potassium, magnesium or 
boron may really be a deficiency of calcium. 


Iron 

Plants need very little iron, yet it is a most essential element 
The top 6 inches of the soil may contain as much as 20 tons or more 
o iron per acre as iron oxide, Fe.O., yet, on occasional iron-rich soils 
plants may starve for lack of this element. In acid soils the iron 

. 1 . j . . 1 ^ ^ in some neutral or alkaline 

SOI s It IS so insoluble that some plants may have difflcultv in 

absorbing enough. Again, where excessive amounts of soluble los 

‘he soil, the iron may be made unavail 
able to plants by being precipitated as an insoluble iron phosphate 

likely to occur m sandy than in clay soils, because the latter Zll 
greater P^r to fix or “lock up" excessive soluble phosphates 

he chlorosis that develops in plants starved for iron is associated 
with failure to form chlorophyll, yet it has not been found that iron 
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is built into this pigment. For the present we must accept the fact 
that iron is associated in some way with the making of chlorophyll. 

Mang.anese. Boron, Zinc, Copper and Other Elements 

These elements have sometimes been called the minor elements 
because they ate required by plants only in trace amounts. This 

does not mean that they are not as vital to the well-being of plants 

as the other elements discussed, for they are all the word 'Vital” 

implies. Fortunately, they occur in sufficient quantities in most 

soils, but the use of one or another of them is of major importance 
for some crops on some soils. 

^ A lack of sufficient manganese or boron is most likely to be asso- 
ciated with calcareous or heavily limed soils. When either of these 
is lacking, the plant is just as handicapped in performing its normal 
function as when it is starving for any one of the major elements. 

Manganese seems to act as a two-handed (double- valence) recep- 
tion committee, of which zinc and copper are also members, to greet 
the other nutrient ions as they enter the plant cell and to direct them 
to their respective positions where they carry out their functions in 

the plant. Another way to describe this is to say that these minor 
elements act as catalysts. 

Boron seems to be closely related to some function that calcium 

perforrns in the plant. Whenever the proportion of calcium to 

boron in the plant becomes unbalanced because of a deficiency 

of boron, the terminal parts of the plant fail to develop properly 

and the other characteristic boron-starvation symptoms become 

evident. If this calcium-boron balance becomes upset because of 

a shortage of calcium or an excess of boron, injury to the plant is 

likely to result. Thus both a deficiency and an excess of boron 
produce characteristic symptoms. 

Zinc has been found to be effective in treating some physiological 
diseases, but not much is known about its action in plants. It has 
already been found necessary to use zinc on certain soils, especially 
those of the Gulf Coast States and California. Upland soils that are 
low in organic matter have not been found lacking in sufficient cop- 
per for plants. The need for copper appears to be associated with 
high organic-matter content, particularly in the case of peat soils 
that are alkaline and contain appreciable quantities of ferrous iron. 

An important point about the trace elements mentioned and per- 
haps others is that in quantities larger than the plant needs they 
are likely to be toxic or poisonous to the plant, yet the actual 
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quantity may still be small. Excessive as well as deficient amounts 
will produce certain characteristic symptoms. 


ENVIRONMENTAL F.VCTORS INDUCING SYMPTOMS 

It is helpful to think of plants as things that have taken a long 

ime to develop They are complex systems of life that have 

evo yed slowly from more simple forms. In Nature’s laboratory 

plants had to adapt themselves to competition from other species 

as well as to fit themselves in with a lot of external forces such as 

soil, temperature, light and disease conditions. Through breeding 

man has intensified certain aspects of the plant, but basically as it 

now exists a plant will grow at an ideal rate when every external 

factor is most favorable for the job the plant has to do within itself 

It IS this Ideal rate we want for the plant. Any departure from 

this ideal rate concerns our economic interest. Therefore it is 

not only shortages or excesses of the vital plant-nutrient elements 

that concern us, but also any other factors affecting plant growth. 

^et us consider some of the factors which contribute to the en- 
vironment of the plant. 




The soil is the pantry that dishes out the water, minerals and 
nitrogen to the plant through its roots. Unfortunately the roots 
ave to grow into this pantry to pick up the mineral nutrients as if 
they were on shelves. In other words, these mineral nutrients do 

IveTeir^'iE" solution-only nitrogen as nitrate s can 

move free y m the soil waters. Therefore, if the physical condition 

the soil IS such that the roots cannot travel everywhere freelv 

L'mentf Tn°d that is well stocked in nutrieni 

ents. So do not overlook the importance of this angle (soil 

ructure and drainage) when diagnosing plant nutrient needs. 

Natures way to meet the requirements for an ideal soil tilth 

was to let organic matter accumulate. Much of man’s trouble with 

organk matter^^ Th practices that destroy soil 

return a lot of vegetable matter to the soil. That will open^all the 
eeding trails to the roots, and the organic matter in itself is food for 
healthy arid friendly microorganisms that bring insoluble nlant 

Organic matter also improves soil structure in such a way tha^ the 

available supply of water in soils is greatly increased. There is more 
magic to organic matter than science has yet proven. 
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TEMPERATURES 

Every farmer knows that spring growth is poor until the soil 
warms up. This is due in part to the fact that little or no available 
nitrogen can be made from the proteins in soil organic matter until 
the soil IS warm and full of free oxygen brought into the soil by 
warm spring rains. Regardless of the soil type or organic-matter 
content of unnitrated soils, in cool humid climates grasses and 
grains starve for nitrogen until the soil warms up. Thus nitrogen 
starvation may and usually does occur as the first limiting nutrient 
factor over a wide area, even though later in the season nitrogen 
may become adequate while other factors become limiting. 

The air temperature, too, has a profound effect on the plants’ 
performance. On the one hand plants make carbohydrates through 
photosynthesis, while on the other hand respiration or the burning 
of sugar goes on both night and day. If temperatures are too 
high, especially at night when photosynthesis is stopped, so much 
sugar can be lost as to affect the growth, and especially the yield of 
starch crops. In one corn field planted too thick for adequate 
light at the University of Illinois, the rate of respiration in the 
extremely hot weather of August 1947 was so high that all the 
lower leaves died for the lack of carbohydrates. The symptom 

was definitely one of carbohydrate starvation, but looked somewhat 
like one of nitrogen starvation. 

OVERTIMING 

Since the solubility of such elements as iron, zinc, manganese and 
boron is reduced when the pH value of the soil goes above the 
neutral point (pH 7.0), there is grave danger of inducing a real 
starvation for these elements by liming the soil in excess of that 
needed to neutralize the soil acids. It is easy to overlime sandy 

soils because they need much less lime than do clay or high organic 
soils of the same pH. 

Overliming can also upset the balance of magnesium or potas- 
sium inside a plant. If one of these nutrients gets into the plant 
in too large a dose it cuts down the function of the other and trouble 
may result from the unbalanced condition. The safe guide is to 
stay below pH 6.5 when liming. 

INSECTS, DISEASES .AND MECHANICAL INJURY 

Do not mistake the work of the leaf hopper on alfalfa for potash 
or boron starvation. Root insects, by injuring the roots, may cause 
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unger signs of various sorts. Likewise, alfalfa wilt may hurt the 
pant m such a way that potash starvation symptoms develop. 

arious corn or gram diseases give symptoms that look somewhat 
like hunger signs, but closer study will reveal the differences. 

The purple color of older corn plants should not be mistaken for 
phosphorus starvation. Any condition in the corn plant, and to a 
esser extent in other members of the grass family, that causes the 
sugar concentrations to accumulate abnormally will result in the 
development of purple pigments. The barren corn stalk with no ear 
or the storage of sugar is a good example. Another example is 
a leaf that has been broken or partially cut so that the sugars 
cannot get out of the leaf and a purple color develops. 


WHEN DOES SOIL STARVATION START? 

Man has become used to certain magnitudes of crop yields that 

may be merely the result of some limitations imposed by Mature 

r examp e, nitrogen starvation on high-organic-content soils in 

before the soil warms up limits total yield Man 

he knowledge is not satisfied with this iLta'tion, so 

sets out to correct the starvation that in the past he accepted 

fact iTmTv supplied, when in 

X,h,rj . sunlight. So we 

we accept some starvation since it may not be economic to Xre^t 

thaf'^r' ely we frequently accept starvation conditions 

hat can be readily and economically corrected. 

occtrT^MucrZ^''"'" actually 

hen a specific symptom shows up. Why then read thLe huneer 

thatT" O' *>'-1 thTtrouwL 

are so that in many cases you can correct them at once and in all 
handkaps!^ ^ ^ treatment for the next crop so as to correct the 

Pl3,nt”tisSU0 tests 3,r0 V3,lu3,bl0 tn nccicf .rJ * 

growfngTn tWiXty ''Xhe''phnt in“quLtX°V‘ 

weeds show symptoms before the economic crop doSTse" wT 

dot). For example, the milkweed shows boron starvation tSe 
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most field or fruit crops do. Wild ground cherries show magnesium 
starvation before corn or grain. Red stems of white clover blossoms 

rehe? o starvation in orchards while green stems can be 

relied on to indicate adequate phosphate for fruit trees. 

Poor powth without any other symptoms may be a hunger 

sign in Itself, especially when the plant is starving for most of the 
major nutrients to an equal degree. 

SOIL ACIDITY 

havivli anH -1 because it greatly affects the be- 

avior and availability of most of the plant nutrients. It is well to 

understand what soil acidity is and how it is measured. 

The principal acid m soils is not hydrochloric, nitric or any other 

drug-store acids. Such acids are soluble, easily wash 
out of the soil, and do not accumulate. However, soil acidity is 
known to increase with prolonged movement of rain water through 
the soil This comes about because the main soil acids are them- 
selves the colloidal particles of clay. They are insoluble and 
accumulate as soil weathering processes continue. 

The clays do not wash out of the soils by leaching, but the 
a a me ions of calcium, magnesium, potassium and sodium that 
were fastened (adsorbed) to the surfaces of the clays in the virgin 
state have become loosened and have been washed down and out 
o e SOI . en the clay particles are saturated with a mixture 
of calcium, magnesium, potassium and sodium ions, the soil has 
no acidity and is alkaline — or, as some say, “sweet.” (The term 
“sweet” is incorrect and should not be used.) When these alkaline 
nutrient elements are leached out they are replaced by hydrogen, the 
acid element of soil carbonic acid (H,0 + CO, = H,CO,, carbonic 
acid). The hydrogen is adsorbed to the spots on the clays from 
which these alkaline elements had been removed, with the result 
that the clay becomes a hydrogen clay and the soil becomes acidic. 

There are other soil acids, too, such as organic acids produced 

by decomposing vegetable matter, but it is the clay acid that is 

dominant in acid soils. Since clays in soils are the principal acids, 

a heavy soil with a great deal of clay would have more acidity to be 

neutralized by liming than a sandy soil with only a small amount of 
clay in it. 

The strength (intensity) of acids is stated somewhat like the size 
or gauge of wire, in which the smaller the gauge number the heavier 
the wire. The gauge of soil acidity is called the pH scale (figure 1 ). 
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Here too the sm^ler the number of the pH value the stronger the 

A dH oO “ 4.0 ,s about the extreme acidity for any soil, 

»Sin free lime. " ’ ““ ™y 

The pH value indicates the 
intensity or strength of an acid 
and tells nothing of the amount 
or quantity that may be pres- 
ent. Let us consider vinegar as 
an acid. It has a pH of about 
2.0 whether you have a quart 
or a gallon, but it will take four 
times as much limestone to neu- 
tralize a gallon as it will take 
to neutralize a quart. In a 
similar way, soils can have the 
same pH value and still differ 
greatly in lime requirements. 

A sandy loam with a clay con- 
tent of 12 percent would not 
require much lime to change its 
acidity from pH 5.0 to 6.5, but 
a clay loam with a clay content 
of 24 percent would require 
about twice as much lime as the 

sandy loam to produce the same 
change in pH. 

Few crop plants will grow 
below pH 3.5 or above pH 9.0. 

The most favorable pH range 
for most crop plants is 6.2-7.2. 

WHY READ THE HUNGER 

SIGNS? 

Information about the func- 
tions of the various nutrient ele- 
ments in plants has been ob- 
tained by scientists largely 

through carefully conducted ex- CourtesyoJ National Ume AuociatiZi 

periments in the field, green- f showing the ranges 

houses and laboratories. alkalinity at which crop plants 

grow. 
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Most of the intensive studies on the fundamental nature of 

nutrition have been made in greenhouses, with soils in pot tests 

and \\ ith nutrient-solution cultures, in which the plants were 

grown directly in the solution or on sand or gravel to which the 

nutrient solution had been added. Field experiments have been 

used chiefly lor testing the practical and economic aspects of fer- 
tilizers. 


Soil tests have been helpful in diagnosing nutritional deficiencies, 
and plant-tissue tests have been used in verifying starvation symp- 
toms. The tissue tests are likelv to find increased use in the future, 

7 

for they permit plant growers to detect nutrient deficiencies, par- 
ticularly in the case of major elements, before the plants show any 
visible signs of trouble. No grower can afford, however, to dis- 
regard the hunger signs that plants show when starving for a 
nutrient element. The information obtained from the deficiency 
symptoms requires no laboratory or experiments and is free to 
anyone who wants to learn what the hunger signs say. 


REL.ATIOXSHIP BETWEEN PL.-\XT .\XD .AXIM.‘\L NUTRITION 


•All animals, including man, are dependent, directly or indirectly, 
upon plants for their food. Animals fed on mineral-deficient plants 



Courfrsy of Prof. Poul - 1 /. Bitrsou. rnivcrsit y of Mhnn'solo 

Figure 2 . — This cow in northern Minnesota did not have enough phosphorus in her diet. 






17 


WHY DO PLANTS STARVE? 



Figure 3, — Above: An example of nutri- 
tional anemia. Below: The same calf 
after receiving iron-copper supplement 
and bonemeal. While only a trace of 
copper is needed by plants it is now 
known that animals also need this trace. 



Courtesy of Florida Agricultural Experiment Station 






and roughage. f 

contain it to supply the needs of animals’! ^ ^ 
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<ir{* |)()or ihcnisclvfs nnd thi* |>ro(luc't> th;it Ihcv furnish art* of low 
(|uality. 

( ovvs which }in\/A‘ on Ian(l> rlcficicnt in phcophtiru". f«ir rxaniplc. 
lack an essential elenient an element they need for healthy lM>n«-H 

J he early symptoms are hard to ^ee. hut the later stai;e> arc plain 
enough. ( See figure 2. i 

Cohalt is not known to he neeiled hy plants, hut i 
duced on feed deficient in cohalt are weak, and thev have 
coats and poor muscular coordination. i .^re fij^ure 4. 

Iodine is another element needed hy animah hut nut known 
he nt'eded hy plants. However, since mo-'t miner. th are nce«. 
both plants and animals, the prohlern of pl.mt and animal nutrition 
I ('solves itsell into one of simjrly ^rowinu healthv croi>s. 











CHAPTER II 



Pl^nt" Nutrient Deficiency in Tobacco 

By J. E, McMurtrcv, Jr} 

HEN the soil does not furnish adequate quantities of 
the chemical elements necessary for the normal develop- 
ment of plants, it becomes a matter of great importance 
0 supp y these elements by means of manures or fertilizers. But 
irst It IS necessary to discover some simple, practical method for 
finding out what elements are lacking. 

This can be done by careful observation of the growing plant 

w ich should and does furnish the most direct evidence of its own 
nutritional condition. 

It is possible, of course, to compare the growth of plants by 

Tuallv hf that has 

usually been followed in experimental work. It is not well adapted 

the needs of the farmer, however, and in the case of tobacco it 

oes not by any means tell the whole story. With tobacco, the 

total tonnage produced is not the only thing of importance. Much 

QuahL'" n 1?^ ^"tl elusive factor, 

q a ity. Quality in turn depends on color, aroma, fire-holdine 

capacity, texture, elasticity, body, ability to improv^ with aging 

different for the several so-called types or classes of ^tobacco- 
cigar flue-cured, burley, Maryland, dark air-cured and dark 
cured. Conditions during growth unquestionably influence the 

y exactly in what ways. There is no doubt, however that 

e grower who wants a high-quality product should keep the plants 
fhTng is^vron^ ^ 

Carelul experimental work has resulted in a systematic method 
01 ecognizmg or diagnosing a shortage of any one of several chem 
ica elemt nts by the symptoms produced in the tobacco plant. 

of VJt LSrCw'" 

Crt^clit is (Jut \larctl L.. F, foubert Fr'inlr \f di i. i 

Illustrations, Division of Publications, U S Department of Section of 

used in this chapter. . • epartment ot .Agriculture, for photographs 
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THE BACKGROUND OF DIAGNOSIS 

According to modern views (12), the higher plants require the 
following chemical elements in order to make normal growth, and 
they require these elements in suitable quantities and forms; Car- 
bom hydrogen, oxygen, nitrogen, phosphorus, sulfur, potassium, 
calcium, magnesium, iron, manganese, copper, zinc and boron. The 
importance of silicon, molybdenum and aluminum in the growth of 
the tobacco plant under field conditions has not been fully de- 
termined, though these elements have been reported by some in- 
vestigators to be of importance in the growth of other plants. 

The elements nitrogen, phosphorus, sulfur, potassium, calcium, 
magnesium, iron, manganese, copper, zinc and boron are present 
in varying quantities in agricultural soils. Sometimes they may be 

. ^ one or more of them may be tied up 

in cheinical compounds that plants cannot readily use. This, of 

course, is equivalent to a shortage. Decreased growth results when 

the supply of any one of these elements is insufficient. Since this 

IS for all of them, it is necessary to watch for other signs 

iDesides decreased growth to discover which element is not present 
in large enough quantities. 

These signs or symptoms of mineral hunger in plants may of 
course be modified to some extent by other factors affecting growth. 
Light, temperature and the amount and distribution of the water 
supply all have an influence on growth, and they also affect the total 
quantity of the chemical elements required by the plant and the 
rate at which these elements must be supplied. Even under these 
varying conditions, however, the characteristic symptoms due to the 
deficiency of an element will be found to be essentially the same. 

There are certain other complexities that might be noted at this 
point. 

To say that a single element is deficient is ordinarily the same 
as saying that there is an excess of other elements in relation to 
that one. The result is an unbalanced nutritional condition in 
the plant. It may not always be possible to distinguish between 
the effects due to the deficiency and the effects due to the relative 
excess of the other elements. In some cases, too, there may be a 
large excess of some one element, and this may interfere with 
the solubility, absorption or utilization of another element to such 
an extent that acute deficiency symptoms appear, even though 
there is an abundant supply of the second element. Similar effects 
may result from the acid-alkaline reaction of the soil (or any other 
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medium m which the plant is grown). Again, symptoms of poison- 
ing may be added to symptoms of mineral deficiency Finally 
there is the question of what happens when more than L element’ 
IS deficient. This last, however, is not so complex as it mic^ht be 

since the visible effects are usually those characteristic of the ele- 
ment that is most deficient. 

A deficiency of an element may occur at any time during the life 
of a plant, and neither its size nor its age alters the effects. As a 
rule the most typical symptoms are those that show up first, and 
t ese are the ones that serve best to distinguish a shortage of one 
element from that of another. It is not uncommon to observe more 
pronounced symptoms on one side of the plant or even on one 
half of the leaf than on the other ( 1 1 ) due to failure of cross 
transfer of nutrients. After the diagnosis has been made, the prac- 
ical remedy is usually obvious and more or less easily applied. 
In most cases, under field conditions it would consist simply in add- 
ing the missing element in suitable form to the soil. 

Even though the missing element is supplied, however, deficiency 

symptoms may occur if the element is not supplied in the right 

amount for the prevailing conditions, or if the conditions are 

such that It IS unavailable for use by the plants. These are points 

that must be kept in mind by the grower. The tobacco plant has 

a relatively high content of minerals, as evidenced by the amount 

of ash that remains after it is burned. Its growth is rapid and 

adequate supplies of the necessary elements should be constantly 
present in the soil. 

It should be noted that in practice complete absence of an es- 
sentia e ement from the soil rarely if ever occurs. Also, the seeds 
contain small quantities of the essential elements, and the young 
seedlings are commonly grown on virgin soils liberally manured 
and fertilized. Thus it is possible for the young plants to build 
up sma reserve supplies, particularly of the elements that move 

toil “"-merdal 

small quantities of various elements as impurities in additL to the 
elements they are supposed to contain. The plant, then, is always 
grown under such conditions that, though a given element may he 
more or less deficient, it is perhaps never entirely lacking 
The most essential requirement for recognizing deficiency symo- 
toms IS a thorough knowledge of the plant itself— its life hiLry 


N 
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and habits, how it looks and how it acts at all stages of growth. It 
is also necessary to know how diseases and insect pests affect the 
plant, so their effects may not be confused with the symptoms of 
plant-food deficiency. The successful grower has this knowledge 
through long acquaintance with the plant under practical condi- 
tions. In fact, once he learns what the deficiency symptoms are, 
he may be able to recognize them much better than the specialized 

scientist, who is less familiar with the plant under all the conditions 
of practical culture. 

Because of its large area, the tobacco leaf is an excellent subject 
on which to study the effects of any environmental factor on growth. 
Since the plant is produced for its leaf, studies of tobacco leaves 
during growth may eventually have an unusually important prac- 
tical application. Most of the symptoms described in the follow- 
ing pages are found in the leaves. Other symptoms could be found, 
of course, by careful examination of the root or stem. 

NITROGEN DEFICIENCY 

L nder field conditions, the most common deficiency is probably 
a shortage of nitrogen. As a matter of fact, the nitrogen supply for 
the tobacco crop must be controlled to produce leaf of a certain 
type. Some t 3 /pes of tobacco must even be grown under conditions 
of relative nitrogen starvation — flue-cured tobacco (16), for ex- 
ample, and to some extent burley and Maryland (2, 14). Cigar 
leaf (17), on the other hand, can be produced successfully only when, 
there is an abundant or luxury consumption of nitrogen by the plant. 

Even when tobacco must be grown under conditions of relative 
nitrogen deficiency, however, the supply cannot be reduced to the 
proper point until the plant has reached a certain size and stage 
of maturity. This is apparently an important requirement if the 
tobacco is to ripen properly. 

The plant may show signs of nitrogen deficiency at any period 
of growth, from the seedling stage to maturity. 

The effect first becomes apparent as a decrease in the normal 
green color. At the same time, growth slows down or stops. 

After the first change in the greenness of the plant, the lower 
leaves turn lemon yellow to orange yellow, the shade apparently 
depending on the intensity of the green before the nitrogen de- 
ficiency occurred. The darker shades of yellow occur on the plants 
that had the deeper shades of green. 

This yellowing is followed by a drying up, or firing, of the yel- 


PLANT-NUTRIENT DEFICIENCY IN TOBACCO 


23 


lowed leaves The number of leaves the plant loses depends on 

its size and the acuteness of the shortage of nitrogen. 

The remaining leaves on the plant tend to assume an erect posi- 
tion, forming an acute angle with the stalk. 

The bud leaves tend to retain their normal condition. Apparently 
their needs are met by a transfer of nitrogen from the older leaves 
If the nitrogen shortage becomes acute at the flowering stage 
flowering and fruiting are accomplished by a similar transfer of 
nitrogen from the older tissues, but the quantity of seed is reduced. 

The effects of a deficiency of nitrogen are shown in plate 1, page 
47. Here the light-green color of the plant is evident, as well as 
the yellowing of the lower leaves and the tendency of the unvel- 
owed leaves to stand more upright than usual. (The same symp- 
toms have been reported in plants grown in solution cultures (9) 
w en the supply of nutritive elements was accurately controlled.) 

nitrogen deficiency appears to reduce in some way the water 
content of the plant. This probably accounts for the fact that 
a nitrogen shortage and a water shortage sometimes show much 
the same symptoms. A nitrogen shortage, however, may occur 

Tulture^^ ^ standing in water all the time, as in a solution 

The effects of a nitrogen shortage can be seen in the cured leaf, 
s size IS reduced, the amount of reduction depending on the stage 

W H is also affected dff- 

ferently with different types and methods of curing. The flue- 
cu red type of tobacco has the desired lemon-yellow color only 
when the nitrogen supply is reduced to the point of deficiency at the 
ripening stage. With the cigar type, nitrogen deficiency is de- 
cidedly injurious at any stage; it results in undesirable colors and 
other poor qualities not well understood. The nitrogen supply is 

nitrogen generally producing a leaf with a low nicotine contLt. 

PHOSPHORUS DEFICIENCY 

Practically all tobacco soils except those derived from phosohatic 
hmestooes are initially deficient in phosphorus. PhospLras defi 

Serrtrih'iri 7 
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\\ ith this stunted growth, the plant assumes a rosette condition. 
The color is very dark green, as shown in plate 2, page 48. 

The size and shape of the leaves are altered (figure 1). The 
leaves tend to be narrow in proportion to length. Usually there 
appears to be no abnormality of the leaf other than in size, shape 
and color, but in a few instances spots have been evident on the 
lower leaves of the plant as shown in figure 2. These spots do not 

occur consistently on phosphorus-deficient plants either in the field 
or in solution cultures. 

The leaves form an acute angle with the stalk, as seen in plate 
2. page 48. 



Figure 1. A and C show the small, rather narrow leaves that result from phosphorus short- 
age. B is from a plant liberally supplied with phosphorus. 


Under field conditions, firing of the lower leaves has not ap- 
peared to any considerable extent. 

The bud leaves tend to retain their normal appearance, possi- 
bly because phosphorus is transferred to them from the older 
parts of the plant. Similarly, flowering and fruiting are success- 
fully accomplished when the shortage becomes manifest at this 
stage of growth. 
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tiafttaTh? t )° '“‘''a it is essen- 

eaves from plants suffering from phosphorus deficiency are im- 

leiTendTto^brd^^T quality. The cured 

eaf tends to be dark brown, dark greenish or black. The cron 

IS a so frequently delayed until late in the season, when the weather 
i^unfavorable for curing, especially in the cas’e of the a“ 


Figure 2 . — Leaf spot 
such as this some- 
times occurs as a re- 
sult of phosphorus 
deficiency. 



l^UTASSIUM DEFICIENCY 

Tobacco requires a great deal of potassium; in fact, what would 
a uxury consumption from the standpoint of yield alone seems 

strikL?r^^^7 quality. The plant shows 

tUy (1 potassium is not present in adequate quan- 

in « though under field conditions the reduction 

n growth IS not so marked as in the case of a shortage of nitrogen 
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or phosphorus. Many tobacco soils do not supply sufficient amounts 
of potassium for normal growth, and probably the first deficiency 
effects reported for tobacco were those due to a deficiency of potas- 
sium. The deficiency symptoms tend to be aggravated by dry 
weather. 

The lower leaves of the tobacco plant suffering from potassium 
hunger show a typical mottling, or a loss of green color (chlorosis) 
at their tips and margins, as shown in plate 3, page 49. 

This is rapidly followed by the development of specks of dead 

tissue (necrosis), usually as small spots in the center of the mottled 
areas. 



Figure 3. This plant, from a seedbed, shows that even seedlings may be affected by potas- 
sium hunger. 


Later the areas of dead tissue may enlarge and run together to 
such an extent that most of the leaf tissues between the veins are 
involved. As the dead areas enlarge and involve more and more 
tissue, they dry to a brown color, so that the whole plant comes 
to have a brownish or rusty appearance. The parts of the leaf 
that remain green are darker and more bluish than normal. 

The dead areas may fall out. producing a ragged appearance of 
the leaf, as shown in plate 4. page 50. 
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Even before the mottling and the appearance of dead spots the 
leaves become cup-shaped from the under side. Probably this is 
because growth slows down at the edges but continues in the 
center, so that the margins seem to roll inward and downward 

This crumpled effect becomes more marked as the living tissue com 
tinu0s to grow sround the mottled nnd d09,d 3,r03,s. 

The mottling appears to progress rapidly from the lower to the 

upper leaves. There may be some loss of the older leaves, but this 
is not characteristic as it is in the case of nitrogen deficiency. 


Figure 4.~C u r e d 
leaf, Maryland type. 
B shows reduced 
size and ragged ap- 
pearance due to po- 
tassium hunger. A, 
cured leaf from a 
plant liberally sup- 
plied with potash. 



In all cases observed, the bud leaves tend to retain their normal 

appearance, apparently because potassium is transferred to them 
from the older parts of the plant. 

Symptoms of potassium hunger may be observed on young seed- 
mgs from the seedbed (figure 3 ) as well as on the large plants^in the 

It has been consistently reported that under field conditions a 
liberal supply of potassium enables the plant to withstand or wLd 

leaves may show the^mittling"and spotting withoilrthe 'fow“r ka 

symptoms. ^ ^ lower leaves showing any decided 
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off attacks of leaf spot caused by bacteria (14, 16, 17). Perhaps 

under conditions of shortage the development of dead areas, already 

described, allows the organisms causing certain leaf-spot diseases to 

enter the tissue at these points. This would hasten the breakdown 
of the tissue. 

It is well recognized that in some manner potassium aids in main- 
taining the general vigor of the plant. There appears to be a 
relationship between potassium and nitrogen in this connection. 
With cigar tobaccos, grown under high-nitrogen conditions, it is 
difficult to obtain the protective action of potassium found with 

Maryland and flue-cured types, where the nitrogen supply is pur- 
posely limited. 

In the cured leaf, potassium shortage is shown by reduced size 
and a ragged appearance, as illustrated in figure 4-B. The cured 
leaves are off type in color, though they do not show the distinctive 
color patterns described for the growing leaves. They also lack 
body, elasticity, aroma and ability to condition when exposed to 
moist air, and they have a poor fire-holding capacity. 

MAGNESIUM DEFICIENCY 

Magnesium deficiency has been given the common name of “sand 
drown” (3, 5, 9, 13, 16, 17) since it is most prevalent in deep sandy 
soils and during seasons of excessive rainfall. The deficiency symp- 
toms rarely appear in the field until the plants have attained con- 
siderable size, more commonly after topping when the growth rate 
is rapid. Thus the leaves usually attain almost normal size and 

shape. Other symptoms of magnesium deficiency, however, are very 
striking. 

Since magnesium is part of the chlorophyll molecule, the green 
pigment is affected when the magnesium supply is short. The loss 
of green color commonly progresses in a definite manner. 

First, the lowermost leaves of the plant lose their normal color 
at the tips and margins (plate 6, page SI) and between the veins. 
The color may vary from a pale green to almost white, depending 
on the acuteness of the shortage. The veins and the tissue close 
to them tend to retain the normal color long after the rest of the 
leaf has lost practically all its green pigment. Even in extreme 
cases, when the lower leaves become almost white, they rarely 
dry up or develop dead spots. 

The loss of color characteristic of magnesium hunger proceeds 
uniformly, as a rule, from the base of the plant upward (plate 5, 
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page 50 On the individual leaf, it begins at the tip and margin 
and proceeds toward the base and center. The yellow as well 
as the green pigments appear to be affected. The entire area of the 

leaf and all the leaves of the plant may be involved in extreme cases 
though the bud tends to remain normal. 

The contrast between the pale and the normal tissue is sharp- 


Figure S. — Flue- 
cured tobacco 
leaves. B shows 
dark, irregular 
patches and other 
sii;ns of poor color 
due to mui;ne>imn 
deficiency. A is from 
a normal plant. 



est m plants with a dark-green color. It is not so striking when the 
£r'" because of a low supply of nitrogen or 

It was pointed out above that symptoms of magnesium deficiency 
Usually appear when the plant has attained considerable size. They 


linder nperuncntal conditions, in solution cultures ^omr. nf ,.u i i 
lose their ereen color when the plant is srowin- raoidlv Tnrt 

drawn. Abo. in solution cultures the anr^^ra^: , ? ‘ "“gnesium is suddenly with- 

reported. ThU spottinL’ has also been oh n- i .!•>*= of color has 

urernhouse w hen the sofl wa', leached with an e^re i Krown in soil cultures in the 

magnesium. It has mt Uen observed to am i solutions lacking 

occur with rapirUy Krowing plants u^der e.xcesdse rainia“ “ 




30 


HUNGER SIGNS IN CROPS 


ha\e been observed, however, even in the seedling stage, as plate 
7. page 52. shows. The extent of the dwarfing that results from a 
magnesium shortage seems to be simply a question of when the 
shortage operates and how acute it is. The yield is reduced to the 
extent that dwarfing occurs, but as already noted this may not be 
severe if the shortage becomes acute only at a late stage of growth. 

The reduction in the quality of the cured leaf is more serious. It 
is indicated by dark and irregular colors, loss in weight, dry leaf 



I-igure (5.— Terminal growth affected by mineral deficiencies. A, the first stage of calcium 
shortage; note the hooking downward of the bud leaves; B, an early stage of boron defi- 
ciency-breakdown of tissues at the base of the leaf. 


tissues and a lack of body and elasticity. These signs of lowered 
quality are more evident in the flue-cured (figure 5) than in the 
air-cured types of leaf. It has been reported that magnesium is 
an important constituent in cigar tobacco and that when the mag- 
nesium content is low, the ash tends to be dark in color. 

CALCIUM DEFICIENCY 

Calcium has long been recognized as an essential plant nutrient, 
but it has been erroneously assumed that all agricultural soils contain 
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enough of it for strictly nutritive purposes. It is commonly used 
m the forrn of hydrated lime or calcium carbonate, not as a food 
or plants, but to bring about the best soil reaction for plant growth 

antlnnLTh™ o' oalcium may be laid to 

antagonize the ions of objectionable substances, or to neutralize or 

render them harmless. It is quite probable, however, that in some 

Sldum^'^^' of the 

deficient (4, 9, 13, 17) the tobacco 
plant shows distinctive abnormalities in growth. Just what form 





4 


figure 7. A, B young leav« from a tobacco plant showing the scalloped, irregular 

edges due to calcium deficiency. D is from a normal plant. 


these abnormalities take seems to depend to some extent on what 
other substances are present under a given set of conditions This 
IS m keeping with the function of the calcium ion as an antagonizer 

relationsrj' ‘ho most striking illustration^offtls 

m the presence of calcium seem to become pLonous “ ^ 3 ^ 

SlcL'TScyt gTeral 

crranot?'bta p^r;:rek‘i rin) v 

This. IS followed typically by the death of the young leaves' whtch 
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break down first at the tips and margins. If complete breakdown 
does not occur and growth takes place later, portions of the tips 
and margins of the affected leaves are missing, and this gives them 
a scalloped appearance ( figure 7 ) . As the illustration shows, they 
are also distorted. The older leaves, however, may be normal in 
shape (plate 9. page 53). 

The plant as a whole is abnormally dark green. In the later 
stages of e.xtreme calcium shortage, the terminal bud dies. This is 



Figut'C 8 , — Tobacco 
plant after recovery 
from a calcium 
shortage in dry 
weather. Note that 
the young leaves at 
the top have grown 
normally. 


equivalent to topping, and it results in a thickening of the older 
leaves. In some cases of acute shortage, dead spots may develop 
and loss of color may occur on the older leaves, though these effects 
have rarely been observed. 

When lateral shoots or suckers begin to develop in the leaf axils 
after the death of the terminal bud, their terminal growth in turn 
goes through the same stages, and the buds die. 
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These effects were first reported on plants grown in solution cul- 
tures, and later they were found to be typical in the field. 

The topmost leaves sometimes show no abnormality (figure 8) 

when deficiency symptoms are evident on the middle leaves. This 

appears to occur in dry periods, when the roots may have penetrated 

to greater depths than usual, enabling the plant to draw on subsoil 
reserves of calcium. 

A symptom that has been experimentally reproduced by adding 
excess manganese in the presence of calcium has sometimes been 
observed in the field. The young leaves lose color and then develop 



pai US ui louacco, Aote (B) the 
up ot the corolla and the distortions of the calyx. A is from a normal plant. 


dead spots. In the experimental work, the condition has been cor- 
rected by the application of limestone. 

In the case of plants grown in the greenhouse, the floral parts 
show strikmg effects if the calcium shortage does not become acute 
until the flowering stage. In figure 9, A shows the floral parts 
from a normal plant and B those from a plant grown under condi- 
tions of calcium shortage. In plant B there has been a tendency 
t^o shed blossoms and buds, and the flowers that remain show a die- 
back of the corolla, with the pistil protruding. In most cases there 
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are spots of dead tissue on the calyx lobes. This condition has been 
observed commonly in the field. 

It is ex ident from these various symptoms that there is little or 
no transfer of calcium from the older tissues to the growing points, 
as there is in the case of the older elements previously described. 
This means that if normal growth is to occur there must be a con- 
tinuous supply of calcium available to the plant. 

The effects of calcium deficiency on growth are disastrous to the 
cured leaf. The malformation and thickening of the leaf, the death 
of the terminal bud. and the other physiological disturbances com- 
bine to produce a tobacco of extremely poor quality. 


BORON DEFICIENCY 

The effects of boron starvation on plant growth had been reported 
in experiments with solution cultures (8, 9) some time before they 
were recently recognized under field conditions (7, 10, 17). 

An acute boron shortage first produces marked changes in the 
tip or growing point of the plant. 

The young leaves of the terminal bud become light green in 
color — paler at the base than at the tip. They also show a some- 
what drawn appearance. When these symptoms appear, the leaves 
have already ceased to grow. 

Next, the tissues at the base of the young leaves show signs of 

breakdown (figure 6-B). If growth should take place later, before 

% 

all the tissues are broken down, these leaves would be distorted by 
the growth around the injured tissue. Usually they have a one- 
sided or twisted appearance. The stalk toward the top of the plant 
may also show a distorted or twisted type of growth. 

The death of the terminal bud (plate 10, page 54) follows these 
stages. This automatically tops the plant, causing the leaves to 
thicken and increase in area. The upper leaves tend to roll in a 
half-circle downward from the tip toward the base. They are ab- 
normally light in color and become smooth, stiff and brittle. When 
the midrib or secondary veins are broken, their vascular tissues show 
a dark discoloration. 

Lateral buds (suckers) may develop in the axils of the leaves or 
at the base of the stalk, but they t3^ically break down like the 
terminal bud. 

When boron shortage does not become acute until the flowering 
stage, the flower buds are shed and no seed pods are set. 

These symptoms would indicate that there is little or no transfer 
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of boron from the older plant parts to the younger growing points. 

Therefore a continuous supply must be available for normal growth. 

Only a very minute amount or trace of boron, however, is needed 

or even tolerated by the plant. Any considerable amount acts as 
a poison. 

It has not been possible to make extensive observations of the 
effects of boron deficiency on the cured leaf. From the observa- 
tions available, it is evident that marked effects are to be expected 

m view of the striking modifications in growth produced by boron 
shortage. 


M.ANG.ANESE DEFICIENCY 


When tobacco plants apparently manifesting a new disease were 
subrnitted to the Department of Agriculture by a grower it was 
possible to identify the symptoms as those of manganese hunger 
because the same symptoms had been produced experimentally in 
sand and solution cultures. Later the identification was substanti- 
atM by field trials on the area from which the plants were taken. 

Distinctive symptoms of manganese shortage, however, have been 
reported in only a few cases in the field. Perhaps they are rare 
because this deficiency is usually associated with a neutral or alkaline 
soil reaction. Such a soil reaction favors the black root-rot disease 
{Thielaviopsts basicola (Berk, and Br.) Ferraris), which limits 
growth and would tend to hide the effects of a shortage of man- 

i 



apparent effects are the dead 
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spots and the lack of desirable color (plate 12, page 55). The 
leaf also lacks body, elasticity and aroma. 

SULFUR DEFICIENCY 

Tobacco plants suffering from sulfur deficiency have not often 
been found under field conditions (13) — chiefly, perhaps, because 
most commercial fertilizers contain an ample amount of sulfur, many 
of their common ingredients being high in this element. In addition, 
the rainfall in the tobacco-growing regions usually brings down con- 
siderable quantities of sulfur. In fact, sulfur deficiency becomes 
evident in dry periods, when the shortage is produced intentionally. 

The first e\ident symptom is the light-green color of the plant as 
a whole, though there is a tendency for the young leaves to be 
lighter than the older ones. ( In solution cultures ( 9) the light-green 
color is largely confined to the younger leaves.) 

The plants do not lose their lower leaves by firing, as they do in 
the case of nitrogen shortage. This fact serves to distinguish the 
two deficiencies. 

In Georgia and South Carolina, some blistering of the leaves has 
been associated with sulfur deficiency in the case of flue-cured 
tobacco. 

There may be some reduction in growth and frequently there is 
a characteristic crimping downward of the leaves at the tips (plate 
13, page 56). 

As a rule, the effects of sulfur deficiency have been apparent 
under field conditions only in the early stages of growth. They 
are evident only during dry periods, and recovery has been ob- 
served to take place rapidly and completely when rain occurred. 
.Apparently the rain supplies the needed sulfur. 

The cured leaf of plants suffering from sulfur shortage shows 
color effects that are sometimes desirable and sometimes undesirable. 
In the case of flue-cured leaf, a sulfur deficiency may be advan- 
tageous. provided yields are not seriously reduced; it produces 
more desirable colors than an overabundance of sulfur. In Mary- 
land leaf, on the other hand, an abundant sulfur supply produces 
the more desirable colors. 

IRON DEFICIENCY 

As yet, iron deficiency has not been observed in tobacco under 
field conditions. It has been reported as occurring in plants (6) 
other than tobacco, however, and it is worth while to describe the 
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symptoms produced experimentally in tobacco (9, 13, 15) grown in 
sand or solution cultures. In the case of plants other than tobacco, 
the deficiency is associated with neutral or alkaline soils. This might 
account for the failure to find it in field-grown tobacco, since the 
situation would be complicated by the root-rot organism mentioned 
in the case of manganese deficiency. 

A leaf of a tobacco plant grown experimentally under conditions 
of iron shortage is shown in plate 8-1, page 52. It will be ob- 
served that the leaf is suffering from chlorosis or loss of green color. 
This is typical of other plants affected by iron deficiency, and in 

fact for a long time it was the only recognized type of chlorosis 
occurring in plants. 

As shown in plate 14, page 57, the loss of color first becomes evi- 
dent in the young or upper leaves (9, 13, 15) of the tobacco plant. 
The leaves making up the terminal bud lose color between the veins 
and become light green or white. In extreme cases the veins also 
lose their color and the whole terminal bud may turn almost white. 

Usually, however, the principal veins tend to retain their color, as do 
the lower leaves of the plant. 

The affected leaves characteristically show no breaks or areas 
of dead tissue, though sometimes they dry up. Apparently this 
occurs under conditions of bright sunlight and dry air. 

The fact that the growing point is immediately affected indicates 
that iron is not transferred from the older parts of the plant 

and that a continuous supply must be available if growth is to 
be normal. 

COPPER DEFICIEXCY 

As in the case of iron, symptoms of copper shortage have not 
yet been observed in tobacco under field conditions, though they 
have been observed in other plants. Since they have been asso- 
ciated with soils high in organic matter, like those on which 
tobacco is sometimes grown, it seems worth while to describe the 

effects of copper hunger on tobacco plants (15) grown experimen- 
tally in the greenhouse. 

As figure 10-B shows, the upper leaves are unable to retain 
their turgor or rigidity, so that they wilt badly. Such plants are 
permanently wilted : they do not recover at night or during cloudy 
periods like plants that have wilted on a hot day. 

There is a reduction in growth in proportion to the extent of 
the copper shortage and the stage of growth at which it operates. 

W hen a copper deficiency becomes evident during the flowering 
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Stage, the seed stalk does not stand erect and the amount of seed 
is reduced. 

Copper is one of the elements needed by plants only in very 
small amounts. In nutrient solutions, the amount needed to 
correct a deficiency was found to be from one-sixteenth to one- 
eighth part per million — equivalent to half an ounce of copper in 
some 30 to 60 thousand gallons of water. Amounts in excess of 
these small quantities produced a decided stunting of the plants. 



Figure 10 . — Effect 
of copper deficiency 
on growth of to- 
bacco. A, normal 
plant grown in nu- 
trient solution with 
copper added; B, 
plant grown with- 
out copper — note 
the extreme and 
permanent wilting 
of the upper leaves. 


Under field conditions, the amount to be applied would depend 
on the fixing power of the soil for this element. The chemical 
situation would seem to make it inadvisable to include copper com- 
pounds in standard fertilizer mixtures at least until there is evidence 
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that copper is deficient in a wide variety of soils, since the phos- 
phates would combine with copper to form cupric phosphate, which 
is relatively unavailable for use by plants because it does not easily 
dissolve. In case of deficiency, it may prove best to apply the 
copper as a spray directly on the plants. 


ZINC DEFICIENCY 


^ Zinc is another element not known to cause deficiency symotoms 
m field-grown tobacco. However, there is a disease of tobacco, 
occurring in wet periods, characterized by a leaf spot commonly 
attributed to bacteria. It causes a breakdown of the leaf ( 14 16) 
and frequently a large part of the crop is severely damaged. The 
symptoms correspond in many respects to those produced experi- 
mentally by a shortage of zinc. It is not possible to say with 
certainty as yet whether zinc deficiency is a factor in this disease. 
1 c effects are produced in the plant (IS), as shown in plate 

5, page 58, when zinc is withheld in sand or solution cultures. 

Typically, the lower leaves first show a slight loss of color at the 
tips and margins. This is followed by the development of areas 
ot dead and broken-down tissue. Usually a small area is involved 
at first, and in some cases this area is surrounded by a halo such as 
has been reported for leaf spots produced by bacterial inoculation. 

In most cases the dead areas, which at first have a water-soaked 
appearance, spread rapidly. Frequently an almost total collapse 
or death of the leaf tissue follows in a very short time. The break- 
down may come so quickly that the early stage, characterized by 
OSS of color, may not be evident. Sometimes, too, the lowermost 
168.V6S of the plant aro not the only ones involved. 

The small veins are not involved at first, but frequently they 
also soon break down. ^ 


As a rule, the dead leaf tissue finally dries to a brown color 
There is some shortening of the internodes— the spaces between 
he leaves on the stem and the green leaves appear to be thickened 
It will be noted that m some ways these symptoms resemble 
those described for potassium hunger. There are distinct differ 
ences, however In the case of potassium shortage, the first breaks 
or lesions in the tissue are more sharply confined to the leaf tins 

and margins; the small veins do not ordinarily break down at all- 
and the breakdown proceeds much more slowly. ’ 

As in the case of copper, it does not appear advisable at present 
to include zinc in fertilizer mixtures. Zinc would combin^e with 
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soluble phosphates to form zinc phosphate, which cannot readily 
be dissolved, particularly in alkaline soils. The use of small 
amounts of zinc is sometimes desirable, but spraying seems to be 
the most practical method of application. In any considerable 
amount, zinc is poisonous to most plants. 

RECOGNIZING CO^IPOUND DEFICIENCIES 

In practical plant culture, where the causes of an abnormal 
condition cannot be determined from the nature of the treatment 
given the soil as they can be in experimental work, it is necessary 
to make an accurate diagnosis from the symptoms alone. For this 
reason, various combinations of mineral deficiencies were tried out 
under field conditions to see what the symptoms would be under 
these circumstances. Not all the possible combinations have been 
tested, but so far, with a single exception, there has been little or 
no blending of symptoms; the visible effects have always been 
those of one deficiency which appeared to dominate the rest. 

This should simplify the problem of diagnosis and treatment. 
If there should be more than one deficiency, the dominant one can 
be recognized and corrected, then the next that appears, and so on. 

When potassium, calcium and magnesium were withheld, the 
symptoms were essentially those of potassium deficiency, though 
the reduction in growth was more extreme. When the potassium 
shortage was corrected, the plants still showed a marked reduction 
in growth, but the other symptoms were those of magnesium short- 
age alone, without any signs of calcium deficiency. 

On untreated plots without any added fertilizer, the plants usually 
show the symptoms of nitrogen deficiency. In some cases, how- 
ever, the dominant symptoms have been those of potassium de- 
ficiency alone, or phosphorus deficiency alone, or even sulfur 
deficiency alone. 

The one case of blended symptoms so far observed occurred 
with a combined shortage of magnesium and sulfur, experimentally 
produced. Here, the sulfur shortage gave the plants a light-green 
color and, as already pointed out, this tended to mask the striking 
color pattern ordinarily produced by magnesium hunger. 

A COMPARISON OF SYMPTOMS 

So far, the symptoms produced hy these mineral deficiencies have 
been described one by one. It has already been said that the symp- 
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tom common to all of them, though it may be more marked in some 
cases than in others, is reduced growth. This is clearly shown in 
figure 11, in which a normal tobacco plant is placed beside six ab- 
normal plants, each affected by a different deficiency. 

The symptoms other than reduced growth will now be compared 
to bring out the differences between them. 

The first thing that strikes the observer making such a compari- 
son is that the symptoms of mineral shortage can be classified into 
two broad groups. 



uzure 11. Tobacco plants suffering from various mineral deficiencies — B, nitrogen; C, 
phosphorus; D, potassium; E, boron; F, calcium; G, magnesium. Reduction of growth 

has occurred in all cases. A is a normal plant. 


In one group, it is primarily the older leaves of the plant that 
are affected. This is the case with deficiencies of nitrogen, phos- 
phorus, potassium, zinc and magnesium. Apparently, wheri there 
is a deficiency of one of these elements in the soil, the element can 
be readily transferred from the older parts of the plant to the 

young growing parts, so that the new growth does not show 
deficiency signs. 

In the other group, it is primarily the new growth and young 
leaves that are affected. This occurs with deficiencies of calcium, 
boron, sulfur, iron, copper and manganese. The elements appar- 
ently cannot be moved readily from one part of the plant to another. 
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The needs of the growing parts are therefore not supplied when 
there is a deficiency in the soil, and these parts sicken and die. 

The first thing to look for in diagnosing a deficiency, then, is the 
part of the plant that is affected. This will tell in which major 
group the deficiency belongs. 

In the first group — symptoms primarily in the older parts of 
the plant — the effects can be subdivided into (1) those that are 
more or less general, and (2 ) those that are local. 

General effects on the plant as a whole or on the older leaves 
are produced by nitrogen and phosphorus deficiencies. These two, 
then, make up subdivision ( 1 ). In both cases there is considerable 
dwarfing, and the leaves tend to assume an erect position, forming 
a rather acute angle with the stalk. In the case of nitrogen de- 
ficiency. the plant is abnormally light green, and more or less firing 
is evident on the lower leaves. In the case of phosphorus deficiency, 
the plant is abnormally dark green, there is little or no firing, and 
the leaves are unusually narrow in proportion to length. 

Local effects on the older leaves are produced by magnesium, 
zinc and potassium deficiencies. These three make up subdivi- 
sion (2). The local effects are loss of green color (chlorosis) and 
sometimes the development of areas of dead tissue (necrosis). 

In the case of potassium deficiency, the chlorotic areas are yellow- 
ish and produce a mottled effect. They surround small dead spots 
or specks at the tips and margins of the leaves and between the 
veins. As the dead areas develop and dry up, they give the leaves 
a rusty appearance. Other parts of the plant are bluish green. An 
early symptom of potassium deficiency is a crimping under or cup- 
ping downward of the lower leaves at the tips and margins, and 
this becomes more pronounced as the deficiency becomes more acute. 

In the case of magnesium deficiency, the pale areas are light 
green to almost white and occur between the principal veins, not 
primarily at the tips and margins. There is little or no spotting 
with dead tissue or cupping under of the tips and margins of leaves. 

In the case of zinc deficiency, dead spots develop all over the leaf, 
not specifically at the tips and margins. Frequently they involve 
secondary and sometimes primary veins. The dead areas break 
down much more rapidly than in potassium deficiency. 

So much for the first broad group. 

The group characterized by effects on the young leaves or terrni- 
nal growth can be classified in three subdivisions: (1) Chlorosis, 
or loss of color, in the young leaves without death of the terminal 
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bud, which indicates a deficiency of iron, sulfur or manganese; ( 2 ) 
death of the terminal bud preceded by loss of green color in the bud 
leaves, which indicates a deficiency of calcium or boron; ( 3 ) perma- 
nent wilting of the upper leaves, which indicates a deficiency of 
copper. 

In subdivision ( 1 ) — chlorosis of the young leaves without die- 
back of the terminal bud — the veins tend to retain their green color 
if iron is the deficient element. The loss of color usually takes place 
only between the principal veins, although they too may be affected 
in extreme cases, when the entire leaf becomes white or yellow. 
Usually there are no dead spots. 

If sulfur is the deficient element, the veins as well as the rest of 
the leaf tend to be light green — in fact, they may be even lighter 
than the rest of the leaf. There is not as great a loss of color as 
in the case of iron or manganese deficiencies, so that the leaves do 
not become white or yellow. There are no dead spots. 

If manganese is the deficient element, the entire vein system of 
the leaf — even to the minutest branches — retains its green color 
in sharp contrast to the pale tissue between the veins. This gives the 

leaf a checkered appearance. Later, these leaves develop small 
dead spots scattered over the surface. 

In subdivision ( 2 ) — death of the terminal bud — the young bud 
leaves first lose their green color and hook downward for about 
one-third of their length if calcium is the deficient element. Then 
the tips and margins of these leaves die, so that if growth occurs 
later they look scalloped and distorted. The plant is dark green. 

If boron is the deficient element, the young bud leaves first lose 

their color at the base, which has a drawn appearance. The tip 

may remain green for some time. Usually the affected tissue 

rapidly breaks down, and if growth occurs later, before the leaf is 

too far gone, it has a distorted or twisted appearance. The color 

of the upper leaves of the plant is an unhealthy light green, and they 

roll downward in a semicircle from the tip toward the base The 

principal veins and the midrib of affected leaves are extremely 

brittle, breaking readily when folded, and the tissue of the veins 
is discolored brown or black. 

In subdivision ( 3 ) , there is no typical chlorosis, and dieback of 
the terminal bud has not been observed. The dominant symptom 
of copper shortage is permanent wilting of the upper leaves. 

The key which follows has been worked out for quickly identi- 
fying an unknown plant-food deficiency in tobacco. 
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Ki:V TO PLANT-XITRIEXT DEFICIENCY SYMPTOMS OF TOBACCO 


A Causal parasites or viruses present (not included in present discussions). 

Parasitic and inrus diseases 
A. Causal parasites or viruses absent. More or less localized effects and de- 

ereaserl erowth. 

Cannnonly classed 'with nonparasitic diseases 
B. Eft eels localized on older or lower leavc.*^ or more or less jjeneral on 

whole plant. 

C. General on whole plant: also, yellowing and drying up or “firing” of 

lower leaves. Plant light or dark green. 

D. Plant light green. Lower leaves yellow, drying to a light-brown 

color. Stalk short and slender if element is limiting in later 

growth stages 

D. Plant dark green. Lower leaves may yellow and dry to a green- 
ish-brown to black color; stalk short and slender if element 

is limiting in later growth stages 

C. Local, occurring as mottling or chlorosis with or without spots of dead 

tissue cn lower leaves; little or no drying up of lower leaves. 
D. Lower leaver chlorotic and typically show no dead spots. Tips 

and margins turned or cupped upward. Stalks slender 

D. Lower leaves mottled or chlorotic with small or large spots of dead 

tissue. 

E. Smalt spots of dead tissue between the veins at leaf tips and 
margins, which arc tucked or cupped under. Stalks slender. 

E. Spots rapidly enlarge, involving in most cases the secondary 
and .Nometimes the primary veins. Leaves thick. Stalks 
w ith short inlernodes 


Element 

DEFICIENT 


Nitrogen 


Phosphorus 


Magnesium 


Potassium 


Zinc 


B. Effects localizcfl on new-er or bud leaves of plant. 

C. Terminal l>ud dic.s. Death is preceded by peculiar distortions at the 

tips or bases of young leaves making up the bud. 

D. Young leaves making up terminal bud tirst typically hooked. 

then die back at tips and margins so that later growth of 
such k*aves produces a cut-out appearance at tips and 

margins. Stalk finally dies back at terminal bud 

D. Young leaves making up terminal bud first light green at base; 

then breakdown may take place at base of young leaf ; if 
later growth lollow^s, leaf shows twisted growth. Stalk 

finally dies back at terminal bud 

C. Teri.iinal bud remains alive; wilting or chlorosis of newer or bud 

leaves, with or without spots of dead tissue; veins light or 
dark green. 

D. Young leave.s permanently wilterl, no spotting or marked chlo- 
rosis. Stalks immediately below seed head unable to stand 

erect when shortage is acute at flowering stage 

D. Young leaves not wilted, chlorotic with or without spots of dead 

tissue scattered over leaf. 

E. Young leaves chlorotic with spots of dead tissue scattered over 
leaf. Smallest veins tend to remain green, producing a 

checkered effect on leaf 

E. Young leaves chlorotic without dead spots. Chlorosis does or 
does not involve veins so as to make them dark or light 
green in color. 

F. Young leaves with veins of a light-green color or of same 

shade as tissue l)ctvvcen veins 

F, Young leav'cs chlorotic, principal veins typically green. Stalk 
short and slender 


Calcium 


Boron 


Copper 


Manganese 


Sulfur 

Iron 
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Hate J.-A tobacco plant «ro«n under conditions of nitrogen shortage Note ,b. l ai.. . 

color and the firing ol the losver leav^^, ^ i>«h«-green 
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Plate 2 , — Symptoms of phosphorus deficiency in tobacco. Note the abnormally dark*green color 

and erect position of the leaves. 
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tobacco plant suffering from potassium hunger Note the 1 t . 
margins of leaves and the spots of dead tissue associated with cupping u^Vefof leaves! 


[ 49 ] 











Plate 4 . — Potassium hunger in tobacco. Left, leaf from 
appearance. Center, leaf from higher up is less affected. Right 

iust begun to be affected. 


of plant already has a ragged 
, leaf from still nearer the top has 



flate 5.— Magnesium deficiency in tobacco. 

(left to right), showing stages in loss of color. The lower leaves are the hrst 
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Plate 6. — Maj^nesium deficiency (sand drown) 

leaves, especially 


in tobacco, 
at tips and 


Note the loss of color in the lower 
margins. 







1 2 


Plate 7.— Tobacco seedlings from plant bed. Plant 2, from untreated portion of seedbed, shows 
magnesium-deficiency symptoms. Plant 1 is normal 2 weeks after the soil was treated with 4 
pounds of Epsom salts per 100 square yards. Compare the color and root development of the 

two plants. 



Plate <?.— Tobacco leaves suffering from two mineral deficiencies: 1, Iron— note the loss 
color except along the principal veins; 3, manganese — note the checkered appearance 

associated dead spots, 2 is a leaf from a normal plant. 
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Hate 9.— Tobacco plant suffering from calcium shortage. The young leaves are distorted wh 

the older, lower leaves look normal. * 





I^late 10 . — Boron shortage in tobacco. 


Note distorted upper leaves and dead terminal bud 
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1 2 

Plate ii.— Dwarfing, light-green color, and dead tissues due to manganese deficiency are shown 

in 2; 1 is a normal tobacco plant. 



1 


Plate 72 Hands of cured tobacco. Maryland type. 1, from normal plants; 2, from plants 
suffering from manganese shortage— note the lack of desirable color and the spots. 
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te 14. 



ron chlorosis in tobacco. 



which no iron was added ; 


IS a normal plant. B was grown in a sand culture 
note loss of color in the upper leaves. 


to 







the loss of color and the spotting of leaf tissues in B. 
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CHAPTER III 


Deficiency Symptoms of Corn 

and Small Grains 

By G. N. Hoffcr and B. .1. Krantz' 


OOMEONE has said, “If starved plants could only squeal like 

hungry pigs, we would pay more attention to their fertilizer 
needs.” 

Fields of healthy, vigorous corn and of wheat or other small 
grains indicate high soil fertility. However, when the available 
supply of any one of the essential mineral elements becomes ex- 
hausted, growth is seriously impeded. The symptoms of a de- 
ficiency may be regarded as the “language” the plants use to in- 
dicate the nature of the distress affecting them (figure 1 ). In some 
ways these symptoms afford a better understanding of the nutrient 
relationships between soil and plant than can be obtained from 
detailed chemical analyses of the soil. Whenever possible, dominant 
symptoms of plant-nutrient deficiencies in corn and small grains 

should be translated into plans for corrective practices in the soil- 
management program. 

It is difficult at times to interpret the visual symptoms of nutrient 
deficiencies in the field because so many environmental factors con- 
stantly affect the plant. Prolonged periods of adverse growing 
weather may harm corn plants. Severe winters may adversely 
affect winter grains. Insects and fungus diseases may make inroads 
on the crops and cause difficulties in the interpretation of deficiency 
symptoms. Diseases, insects and unfavorable weather are all likely 
to be most harmful to plants already weakened by malnutri- 
tion, complicating the symptoms in the field. For these reasons 
it is necessary to study typical deficiency symptoms in plants grown 

under controlled nutrient conditions. ^ 

The most common symptoms in corn and small grains at the 
present time are those caused by deficiencies in the supplies of 
nitrogen, phosphorus, potassium and magnesium. Deficiencies nf 
calcium have recently been found in Illinois and PenTsyir„it 
Deficiencies of zinc and manganese occur in local areas. 


G. N. Hoffer is manager, Midwest office, American Potash Institute, Inc., and B A Kranf? 

IS research profeMor of agronomy. North Carolina Agricultural Experiment Station -inH 

agent, Division of Soil Management and Irrigation, Bureau of Plant Industry Soils anH 
Agricultural Engineering, U. S. Department of Agriculture. maustry, isoils and 
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Nitrogen-deficiency symptoms are shown by corn plants in 
practically all parts of the country. Nitrogen is commonly deficient 
in most soils of the humid region, particularly in the South and 
the light-colored soils of the Midwest. Phosphorus, as well as ni- 
trogen, is deficient in most unfertilized acid soils. In a few soils 
along the Atlantic seaboard, large amounts of phosphorus have 
accumulated from repeated heavy fertilization (8). Practically all 
muck and high-lime soils, and most sandy soils, are deficient in 



Figure 1 . — Learning the "language” of hungry corn plants is first aid in correcting your soil 

fertility oroblems. 


potash. Potash is needed generally in the soils in the Southern 
States as well as in many soils in the Midwest that have been limed, 
treated with phosphate and planted to legumes. Besides these 
obvious examples, there are many soils of good original fertility 
which, through erosion, leaching, crop removal and mismanagement, 
are now coming to need replenishment of their plant nutrients. 

On many farms the benefits from liming acid soils to obtain better 
responses to applied phosphates and to favor nitrification and t e 
growth of legumes have been proved repeatedly. The value o 
manure is unquestioned. The maintenance of legumes in the rota- 
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tion is important. Even though legumes require mineral elements 
in large quantities, they serve as a connecting link between the vast 
reserves of free nitrogen in the air and the fixed nitrogen demanded 
by other crops in the rotation. They accomplish this best when 
properly inoculated and well fertilized. Plowed under, they enhance 
the aeration capacity of the soil and also supply organic matter 
with a high mineral content for the use of beneficial soil organisms 
and other crops in the rotation. The most efficient use of plant 
nutrients occurs under these improved soil conditions 


differences in plants as indicators of PL.ANT- 

NUTRIENT DEFICIENCIES 

Some crop plants are better indicators of plant-nutrient deficien- 
cies than others. Corn plants with their wide expanse of broad 
leaves are better indicators of changes in the supplies of available 
p ant nutrients than are the small-grain plants with their smaller 
and narrower leaves. Thus corn plants in rotation with other crops 
serve as excellent indicators of the fertility of the fields in which 
th^ are growing. This is especially true as to nitrogen and potash. 

Hpfir- t n”? rotation also may show signs of 

and more difficu t to interpret than those of corn. Late frost! 
m the spring, prolonged wet periods and insect invasions often have 

dLg!!s!^thf small-grain plants and make it difficult to 

It leneth whiWh ' discussed 

attS. “ ^^“"0 only general 


VALUE OF CHEMICAL TISSUE TESTS 

chLSSl's'to’the qualitative 

greatTyrthe flelLf 1 ®™all-grain plants aids 

corn and^mlirgJrpianr^l^;" ^ and in good health, 

tissues during the active growing^seasonTnd'th’^^ 

reserves is indicated by L tesi Presence of such 

these nutrients become exhansted tn reserves of any of 

confirm the symptoms indicating deficiency" 
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These chemical tests are invaluable for use in the field when other 
complicating factors due to climate, disease or insects are involved. 
The tests can be used at any time during the growing season. Their 
use will be discussed in connection with the diagnosis of deficiency 
symptoms. The tests themselves and the preparation of the 
chemical reagents are described at the end of the chapter, page 86. 

The best background for the diagnosis of deficiencies of the major 
nutrients is good field experience and the ability gained from it to 
evaluate all of the factors influencing the growth of corn plants. 
When this experience is supplemented with the information gained 
by making comparative chemical tissue tests on the highest yielding 
strains of corn plants and those growing under deficient nutrient 
conditions, a firmer basis is established for planning changes in the 
soil-management and fertilizer programs. 

No attempt has been made to prepare a key for the classification 
of the symptoms of plant-nutrient deficiencies in corn and small 
grains based on external symptoms only, because of the difficulties 
of interpreting them without the supplementary use of the tissue 
tests. Sometime later it may become possible to reduce them to a 
key, when further research contributes new chemical tests for other 

plant nutrients. 

DEFICIENCY SYMPTOMS IN CORN 

The deficiency symptoms shown by corn plants are so striking 
that it is believed important to use them in determining plant-food 
needs not only for the corn crop but also for the other crops in the 
same rotation. It has been found that when the corn crop suffers 
from a lack of essential plant nutrients all of the other crops in the 
rotation will also respond to applications of the deficient nutrients. 

Nitrogen 

Nitrogen enters into the composition of many organic compounds 
in the plant. As an essential element in protein, it is needed for 
the growth and development of all of the living tissues. The corn 
plant uses more nitrogen than any other fertilizer element. It also 
has a higher nitrogen requirement than that of any other common 
nonleguminous crop. Nitrogen is needed by the corn plant through- 
out the growing season, but it is used in the greatest quantity during 
the grand period of growth which extends from about 2 weeks 
before to 3 weeks after tasseling. Sayre (33) found that the daily 
uptake was as high as 4 pounds during a part of the period and that 
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about one-half of the total nitrogen requirement was absorbed during 
this period. The nitrogen requirement for a 100-bushel corn crop 
varies greatly with the soil fertility and variety of corn used, but 
averages about 160 pounds per acre. The corn plant is very respon- 
sive to nitrogen variables, and fruiting does not appear to be dis- 
turbed by excessive applications, as in the case of a crop like 
tomatoes. 


Nitrogen is necessary for early growth stimulation. This is 

especially important in cool springs and in regions with a relatively 

short growing season. Nitrogen deficiency in the young plant is 

characterized by a stunted and spindly growth and light yellowish- 

green foliage. ^ The occurrence of this situation can generally be 

avoided by a liberal application of a high-nitrogen complete ferti- 

izer at planting time. The omission of nitrogen from the fertilizer 

has been found greatly to retard early growth and even delay tassel 
emergence by as much as 1 0 days (23). 

When nitropn deficiency occurs later in the growth of the plant 
especially during the grand period of growth, a rather definite leaf 

k hi* nitrogen-supplying power of the soil 

IS below the daily nitrogen requirement of the plant, translocation of 

^ younger tissue. The 

Juch aX 7 the yellow pigments in the leaf, 

such as the carotene and xanthophylls, predominate after the loss 

0 he green chlorophyll pigment takes place (10). If the nitrogen 

the yellowing will follow up the leaf midrib in 

he typical V-shaped pattern with the leaf margins remaining green 

yellow and the process proceeds up the plant leaf by leaf Varvina 
degrees of yellowing may be seen on as many as 3 to 4 leaves of I 
plant at one time. In some cases the yellowing may take place on the 

tound When the deficiency is accentuated by the occurrence nf mim 
drought couditions. A few days after the leaf tLuTyellows U Sll 
rns brown and dries up as is shown on the 3 lower leaves and the tin 

leaves is frequently referred Jo as ’“S ■> Jnd 

far the most common fause of fi^hfrf I'i deficiency is by 
extremely dry and hot weather can also bring about the death S 
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leaf tissue. After the leaves arc dead, it is soim tinu> difficult to 
diagnose the cause. An example of firing due to extremely dry. 
hot weather is shown in plate 1 ( center ). The important difference 
between this and nitrogen firing is that it occurred on the upfHT as 
well as the lower leaves of the plant. Usually the tip half of the leaf 
is affected more, although the whole leaf may dry up. The plants 
shown in plate 1 (center) were adequately fertilized. 

If the plants are observed 
during the development of the 
symptoms, it is easy to dis- 
tinguish between nitrogen de- 
ficiencv and drv weather ef- 

m m 

fects. Plants which suffer from 
moisture deficienev wilt, and 
the leaves roll during the heat 
of day. This may take place 
for several weeks without any 
yellowing i>r firing if an ade- 
quate supidy of nutrients was 
available before the dry period 
occurred, as is shown in figure 1 . 

If the soil supply of nitrogen 
is relatively low. a mild drought 
may greatly accentuate the ni- 
trogen deficiency. Some of the 
reasons for this are: First, during dry spells when soil moisture 
moves upward, nitrates also move upward (24); second, .i" the 
topsoil dries out. it restricts the zone of major nutrient ab-orption. 
because plant roots cannot function in dry soil. 

When visual leaf symptoms indicate a possible deficiency of 
nitrogen, a quick confirmation can be obtained by testing the plant 
tissue (figure for the presence of nitrate as described at the 
end of this chapter, page t Cl, 

powder (4) as shown in plate 1^, pa^e 105. This test p^^wder is ver>' 
reliable and eliminates the corrosive suliuric-acid-diphenylamine 
test solution hazards. It visual nitrogen deficiency symptoi^ ap- 
pear and there are no nitrates present, the deficiency is confirmed. 
Howev’er, in some cases the yellow leaf symptom has appeared when 
nitrates were found to be present. These observations appear ^ 
contradictory, but further investigations have offered some clariti- 
cation. In one case i 25 b a mild drought prior to testing had made 



Vi^uYi' 2. — Soil moisture dot'uitni> .iffccls en- 
tire plants. The leaves curl upward, wilt 

and become verv drv. 
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Figure J.— When chemical tests are used to confirm nntnVnf ^<,0 • 

ao„ T.... 

pho.pl,o,u. „.d. „„ „,|k j„3, 







66 


HUNGER SIGNS IN CROPS 


some of the nitrogen unavailable and thus the visual nitrogen- 
deficiency symptoms developed. However, a rain had fallen flays 
before testing and had made nitrogen available, as was indicated 
by the test. Similar observations have been made in fields where 
late side dressings of nitrogen were applied. In another case < 10). 
yellowish leaves were found to contain nitrates, but the phosphate 
level was so low that the plant was apparently unable to assimilate 
the nitrates. This is further described on page 68 under phosphorus 
deficiency. In cases of leaf-dying due to dry-weather injury, nitrates 
have also been found to be present in the plant. Thus the nitrate 
test is a valuable aid in diagnosing leaf symptoms of the corn plant. 

Corn is one of the best indicator crops for nitrogen deficiency in 
any rotation. The use of legumes in a rotation is an e.xcellent way 
to supply nitrogen for the corn crop. There is evidence, however, 
that supplemental nitrogen is usually needed, in addition to that 
furnished by the legume, to obtain maximum corn yields. 

When young corn plants show visual nitrogen-deficiency symp- 
toms, nitrogen fertilizers should be applied. Side-dressing with 
nitrogen is a commonly accepted practice in the Southeastern States. 
In North Carolina, for example, side-dressing with 60 to 100 pounds 
of available nitrogen at the knee-high stage is recommended for 
average conditions. 

When nitrogen deficiency was observed at the early tas.soling 
stage, substantial yield increases were obtained by immediate ni- 
trogen side-dressing applications. However, the yield increase was 
much less than that obtained by applications at the knee-high 
stage (23). 

Phosphorus 

It is definitely known that all plant cells contain phosphorus com- 
pounds and that phosphorus is necessary for the cell division which 
results in the growth of the plants. Phosphorus is concentrated in 
the growing tissues in the tips of roots and shoots. It is found also 
in the developing kernels of grain, and when corn plants approaching 
maturity become starved for phosphorus, the developing se«is will 
accumulate this nutrient at the e.xpense of all the mature tissues. 
Phosphorus is necessary, therefore, for the reproduction of these 
plants. 

It is difticult to describe definite symptoms indicating phosphorus 
deficiencv in corn. retarded rate of growth and slow maturity 
of the plant are the chief symptoms, especially when other nutrients. 
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such as nitrogen and potassium, are shown to be available in sufficient 
quantities. 

The retarded rate of growth is especially marked in the young 
seedling. In the .Southeast early vegetative response to phosphorus 
fertilization is very common, even on soil with medium to high soil- 
phosphorus levels. This response may be apparent up through the 
silking stage, but final yield responses are found only on soils low 
in phosphorus (23). The foraging ability of the extensive fibrous 



root system of corn and the fact that corn normally matures a month 

”as:„“s ar/ given aTp„rb,e 

casorib for the lack of final yield response. 

The effect of phosphorus starvation in delaying maturitv is 

parfcularly noticeable during the pollination stage wLn the 

dks emerge slowly, defective types of ears are pfoduced Such 

ears are imperfectly pollinated and show rows of unfertilized seed 

rudiments, pgure 4 shows defective ears from plants starved for 

phosphorus during the later stages of growth. nL theSa W 
formed rows of kernels. irregularly 

and stems have a tendency to become purplish. The purplish color 
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in plate 4. page 95. is due to the effect of accumulated sugars on the 
formation of the purple pigment, anthocyanin (10). The accumula- 
tion of sugars is due to phosphorus deficiency, but the color itself 
is dependent on the presence of the genetic factors for purple-pig- 
ment production in the particular strain of corn affected, as shown 
in plate 5. page 96. The plants were grown in controlled nutrient- 
solution cultures. Note that none of the plants of strain CCS in 
plate 5 sho\v any purpling of the leaves, even when they received 
only 5 parts of phosphorus per million of total solution. In plate 6, 
page 96. the plants of inbred Hy, also with 5 parts per million, are 
strongly purple. These differences in response are found to be com- 
mon in other strains of corn and show that the purple coloring is lim- 
ited to strains with the proper genetic constitution for its formation. 

Unfavorable growing conditions such as a prolonged period of 
cool weather in the spring may cause a similar purpling in young 
plants. In this case it may be more or less temporary, but it has 
been reported frequently during cool weather in the northern parts 

of the Corn Belt. 

Under conditions of severe phosphorus starvation the leaves of 
young corn plants may display symptoms very similar to those 
induced by nitrogen deficiencies (10), as in plate 3-C, page 94. 
Chemical tests of these tissues showed that they contained an 
abundance of nitrates. Phosphorus is necessary for the assirnilation 
of the nitrates, and the plant tissues actually starve for nitrogen 
even though they contain the nitrate salts. The interrelation of 
these two plant nutrients is readily observed when tissue tests for 
both nitrates and phosphates are made on the plants. Thus a high 
nitrate and a negative phosphate test reflect a deficiency of available 
phosphorus even though the foliage symptoms indicate nitrogen 
hunger. Tissue tests often relieve the confusion resulting from 
interpreting symptoms solely on the basis of foliage characteristics. 

Because of such uncertainties, symptoms of phosphorus hunger 
in corn plants should be confirmed by chemical tests on the plant 
tissues for the presence or absence of reserve quantities of inorganic 
phosphates, plate 17, page 104. Corn plants utilize these phosphates 
rapidly, and in vigorously growing plants only small reserves may e 
found. The avidity with which young corn and small-gram ® 
draw upon the supply of phosphates in the soil for their early ^ 
and establishment of their root systems makes it imperative that a 
abundant supply be available. It explains the almost un ai mg ear 
response of these crops to phosphatic fertilizer properly appuea. 
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Since inor><anic phosphates are combined very rapidly into organic 
compounds in corn plants, and these are utilized to build up new 
{)lant parts and finally the mature grain, a reserve supply of inor- 
ganic fihosphates in the plants is necessary throughout the growing 
season. Whether a reserve is present at any particular time can 

be detected readily by relatively simple chemical tests (37) in the 
cornheld, as described on page 86. 

I'he tissue tests can be made on plants at any stage of growth and 

much practical information on the relative availability of phosphates 

in different soils can be gained from them. They serve to check 

on the effectiveness of applied phosphatic fertilizers. \'ery often 

the amounts of phosphates supplied are insufficient for the best 
j^rowth and maturinf^ of the corn crop. 

The relative effectiveness of using phosphates in the row compared 
with broadcasting and plowing under can also be shown by testing 
the plants during the growing season. In such studies the chief dif- 
ferences in the appearance of the plants may be in their size. Small 
plants may appear healthy otherwise, but the more rapid, sturdier 
growt of othir plants in the same field may be e.xplained by the 
larger quantities of inorganic phosphates found in their tissues. 

On soiLs alkaline in reaction, however, poor growth may be due 
not to lack of phosphorus but to a deficiency of one or more of the 
so-called minor or trace elements; manganese and boron are some- 
times needed to balance the plant-nutrient supply and enable the 
p antb to grow normally. In acid soils the phosphates mav be fixed 
in combinations with iron and aluminum. Chemical tes'ts on the 
tissues tell at once whether phosphates have been absorbed. 

POTASSIL’M 

Investigations show that (jotassium is intimately related to the 
production of sugars, starches, cellulose and proteins in plants yet 
so far as is known, it doe-s not enter permanently into the com-’ 
^Mtion of any of these organic compounds. It is needed in all 
proce^:,e> of growth of the plant cells and also influences their rate 

Z ‘o protect plants from excessive 

o^es u wa er during fK-noJ of drought, and it lessens the injuries 

due to low temperatures. Potassium salts move readilv from one 

part of the plant to another, and because of this mobility the svmp- 

toms of potassium hunger appear first in the oldest leaves ' Th^ 


70 


HUNGER SIGNS IN CROPS 


Potassium salts are needed in abundance for the normal growth 
and development of the corn plant from the time the seed germinates 
until the plant is matured and the next generation is provided for 
in the new set of seeds. Healthy, vigorous corn plants always con- 
tain large amounts of potassium salts in their tissues, whether in 
the seedling stage or in plants approaching maturity. 

Eckstein. Bruno and Turrentine (11) have described the symp- 
toms of potash deficiencies of practically all commercially important 
crops. 

The supply of available potash in the soil may become acutely 
deficient at any stage of growth of the corn plant. The signs of 
hunger may appear in the seedlings or young plants, or they may 
not become apparent until the plants are approaching maturity. The 
symptoms will be described as they appear at different stages of 
growth of the plants. 

In Young Plants 

The first symptom of potassium deficiency is a diminution in the 
rate of growth of the seedlings and young plants. Soon definite 
leaf characteristics develop, pointing to potassium deficiency. The 
young leaves are yellowish green to yellow in color, or sometimes 
only streaked with yellow. The edges and tips become dry and ap- 
pear scorched or fired. These early symptoms are shown in plates 
1 fright) and 7, pages 93, 97. When the deficiency of available 
potash is less acute, though growth is retarded, the leaf symptoms 
may not appear until the plants are further developed. 

When the foliage symptoms of potassium deficiency are recognized 
early in the growth of corn plants, it is possible and profitable to 
apply muriate of potash in the row or hill and correct the deficiency. 
The application should be made prior to the last cultivation, and it 
is suggested that 150 to 200 pounds of muriate of potash per acre 
be used. In 15 experiments in Iowa on high-lime soils, an average 
increase of 12.8 bushels was obtained by side-dressing the young 
corn plants with muriate of potash at the rate of 200 pounds per 
acre. In southern Illinois, during the same season, an average in- 
crease of 8.2 bushels was obtained in three tests on acid, poorly 
drained soils (15). Since then many profitable responses have been 
obtained by similar treatments (22). 

In Older Plants 

As the plants increase in size, the need for potassium increases, 
and if the supply becomes inadequate, foliage symptoms similar to 
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thost* fouml in younger plants appear. The leaves are streaked 

with yellow or yellowish green, and the edges are dry and scorched. 
This marginal scorch (plates 7 


and 10, pages 97, 99) is the 
outstanding leaf symptom. In 
st'vere cases the leaves become 
hadly damagerl and the growth 
of the [>lants is dwarfed because 
the tissues between the nodes do 
not develop fully. In the plant 
in plate 10, all of the leaves 
show the marginal firing. The 
plant i.s weak. f)nly small areas 
of the leav'es remain green and 
in condition to manufacture 
carbohydrate fotxls for the de- 
velo|)ing ears. If these plants 
prwluce ears, they are usually 
chaffy nubbins of low feed 



tigurr 5- A, Kars on plants receivinif complete 
ferliliiter, H, l^otas^ium-starvefl ears from plants 
receivini^ nitrotren anil phosphorus only are of 

low' feeii i|uality. 


IreT,nf.rll!' ‘^at do forr 

poorl> matured and starchy, and they easily become infecte( 


Ptguft 6. — Xitro* 
grn’hun^ ptinti 
?row spiAdlsii 
tail Polas«iuni< 

'•UfActI pUnis lka%r 

relitj\rl> ilKirt in- 
ter node « and are 
tHk iried. Tfcf Iravrs 

apfArar too loci' I of 
the Kmhl of the 

plaAE 
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with ear-rot organisms, which often affect germination detrimentally. 
Ears from potassium-starved plants are shown in figure 5. 

Figure 6 shows the characteristic differences between nitrogen and 
potassium-starved corn plants. Nitrogen-starved plants grow spin- 
dling and the leaves are yellowish green to yellowish orange in color. 
The oldest leaves become dry and appear fired as shown in plates 
7, 9-C, and 10, pages 97, 98, 99. The potassium-starved plants are 
dwarfed in size, the leaves appear to be too long for the stalks, and 
they are affected by the typical marginal scorch. Such plants be- 
come weak and lodge badly because of defective root systems. 

Hoffer (19) has shown that iron compounds accumulate in the 
tissues of the joints of corn plants when the supply of available 
soil potash is deficient. The iron accumulations are seen when the 
plants are split open lengthwise and an acidulated solution of 
potassium thiocyanate (see page 89) is applied to the exposed joint 
tissues. The amount of iron accumulated at the stalk nodes is deter- 
mined by the amount of potassium salts in the plant sap (figure 3). 
When potassium is entirely lacking, the purplish-red color is in- 
tense. These iron accumulations disrupt the translocation of foods 
from the leaves to the roots, and the latter are starved and weakened. 
They then become predisposed to injuries by many of the fungi or 
molds inhabiting soils in which corn has been grown for some time. 
When the roots become sufficiently rotted the weakened plants may 
lodge so badly that they lie flat on the ground. Lodging of corn 
plants, as shown in figure 7, is an important symptom indicating a 
deficiency of available potash in the soil. Heavy accumulations of 
iron compounds in the joint tissues confirm the symptom. 

Healthy, vigorous plants always contain potassium salts in the 
leaves and stalk tissues in quantities that can be detected by simple 
chemical tests adapted for use in the field (page 87). A negative 
test indicates a definite deficiency even before the appearance of 
the foliage symptoms. Many investigators have found that the 
content of potassium in the sap of the corn plant reflects the relative 
availability of this element in the soil. Tests are often needed to 
distinguish potassium-deficiency symptoms from those induced by 
bacterial wilt (Stewart’s disease) and the leaf disease caused by 
Helminthosporium species. If reserve potassium is present in dis- 
eased plants showing symptoms resembling potassium starvation, it 
eliminates a deficiency of potassium as a contributing factor.^ 

The recognition of symptoms of potassium deficiency late in the 
development of the plant is important even though nothing can be 
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done to benefit the current crop. The symptoms are useful in formu- 
lating plans for the management of these fields in the future. 

It is true that potassium becomes available slowly in many soils, 
but researches in Illinois (3) show that there is no way of increasing 
the rate of liberation of potassium in depleted soils enough to meet 
the requirements of the corn crop satisfactorily. It has been proved 
also that when the corn crop suffers from a lack of enough available 
potassium for normal growth and production, all of the other crops 


Figure 7. — Plants in 
foreground are 
starved for potas- 
sium. Weak stalks 
result when the 
available potassium 
in the soil becomes 
depleted by crop re- 
movals in a rotation 
following limestone 
and phosphorus fer- 
tilization. 



in the same rotation will also respond to potash fertilization In 

many fields where limestone and phosphate have been used for 

growing legumes in the rotation with corn, potash deficiencies are 

appearing because of the large quantities of potassium removed n 
the increased hay and grain yields. 


Magnesium 

Magnesium is a component of the chlorophyll molecule the green 
pigment in all plants. The salts of magnesium are LbL anS 

plant may draw on the older parts for magnesium when ke 

supply becomes low, and this relation helps to explain the t™ 
of symptoms that result. ^ 

The symptoms in corn are definite and easily recognized When 
the supply of magnesium becomes deficient, the chlorophyil to fte 
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oldest leaves reflects the trouble first. Here a slight yellow streak- 
ing develops between the parallel veins in the leaves. With the 
continued migration of magnesium from the older leaves to the 
younger parts of the plant, there is a definite and sharply defined 
series of yellowish-green, light-yellow, or even white streaks extend- 
ing the entire length of the leaves. With an acute deficiency, these 
streaked tissues may dry up and die, and all of the leaves ultimately 
may show the streaking. Plate 8, page 97, shows these symptoms 
as they appear in a mature plant. 

Magnesium deficiency in corn has been reported from various 
parts of the Southern States and has also been found in Massa- 
chusetts (21). In some cases the deficiency is believed to be intensi- 
fied by the unbalanced plant-nutrient conditions resulting from the 
continued use of sodium salts in fertilizing other crops in the corn 
rotation (5). 

Magnesium-deficiency symptoms may become prevalent in parts 
of the Corn Belt and should be watched for in the more acid, unlimed 
soils (or soils on which calcitic limestone was used). Usually, how- 
ever, nitrogen and phosphorus deficiencies occur in these acid soils, 
and until they are corrected the magnesium deficiency may not 
become dominant. The use of dolomitic limestones for other crops 
in the rotation has no doubt delayed the appearance of magnesium- 
deficiency symptoms in corn plants in many localities. 

Calcium 

Calcium is essential for the growth and development of corn plants. 
Some of it becomes permanently fixed in various tissues of the 
plants. The leaves contain the largest quantities, less is found 
in the stems and roots, and the least amounts are in the grain and 
cob. Numerous roles have been ascribed to calcium, although some 
are little understood. Calcium influences the translocation of foods 
manufactured in the plants and the physiological availability of 
other nutrient elements, and it acts as a neutralizing agent prevent- 
ing the accumulation of toxic materials in plant tissues. 

The corn crop grows mostly on soils that are only slightly acid 
or that have been limed for other crops in the rotation, and con- 
sequently it has suffered little if any from a deficiency of calcium. 
No definite symptoms of calcium deficiencies have been described m 
corn growing in the field. 

DeTurk" has produced calcium-deficiency symptoms in corn plants 

" Private correspondence with the senior author. 
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E E. D Turk, Vnhu O' Illinois 

fvuriO an?STaru oT''' Tr, has a high calcium requirement 

summed together. With jO parts ol calcium per million the plants appear normal. 



Figure 9. — Calcium hunger The open Dollimtp I ■ ” ^ '"'‘'"s".'’ «/ /«iWf 

e.xperiment has a low calcium requirement. Plants »r2we^'^itr in''’ 'his 

per million. Compare these plants with fllol L figure 8^ 
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growing in controlled nutrient cultures. Young plants show very 
distinct symptoms. The tips of the unfolding leaves gelatinize, and 
when dry they stick together. As the plant continues to grow, the 
tip ends of the leaves form the pattern shown in plate 3-B. 

In these investigations DeTurk has shown also that some strains 
of corn can tolerate a deficiency of available calcium better than 
others. Figures 8 and 9 show the difference between an inbred 
strain of yellow dent corn and an open-pollinated yellow variety. 
Fifty parts per million of calcium were necessary for the inbred 
strain to grow normally, while only 10 parts were needed by the 
open-pollinated variety. These physiological differences in response 
may help to explain the wide variations in adaptation that some 
strains of corn possess, particularly in open-pollinated varieties. 


Boron 


Boron salts are readily fixed in plants, and they are relatively 
immobile in comparison with salts of potassium, magnesium and 
phosphorus. A continuous supply during the growth of the plants 
is necessary. Boron is required in small amounts by most plants 
and has a place in the fertilization of fruit, truck and field crops 
that is becoming increasingly important. The demands of the 
corn crop and of cereals in general seem to be lower than those of 
such crops as the legumes, tomatoes and sugar beets in the same 
rotation with them. 

Nusbaum (28) found boron-deficiency symptoms in both sweet 
and field corn in a preliminary field experiment on an infertile, 
deep-phase Norfolk sandy-loam soil with a pH of 5.2. This IS 
the only report which has been found of boron-deficiency symptoms 
on corn growing under field conditions. It was observed that the 
plants in the no-borax plots were yellowish in color, had weaker 
ear shanks and stalks, and averaged about one foot shorter than 
the plants in the plots treated with 5 or 10 pounds of borax per 
acre. The total number of ears was increased about 26 percent, but 
the number of prime ears was doubled, by borax treatment. He 
also observed that some of the ears in the no-borax plots showed 
unilateral or one-sided shriveling on the side of the ear which 
faced the stalk, as is shown in figure 10. This symptom was not 

observed in the borax-treated plants. 
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The field corn reacted much like the sweet corn, but the deficiency 
symptoms were not quite as marked. The yields with 4, 5, 10, 20 
and 30 pounds of borax were 36, 48, 48, 26 and 29 bushels per acre, 
respectively. All plots received 600 pounds per acre of 4-10-6 at 
planting and 200 pounds of ammonium nitrate as side dressing. 

Pettinger, Henderson and Wingard (30 ) attribute a type of steril- 
ity in corn to boron starvation. Sand cultures were used in their 
experiments. 



I** 

r*' 


Courtesy of South Carolina Agricultural Experiment Station 
Figure 10 -Left to right: Ear from healthy boron-treated corn plant and three ears from 
b.,o„.d.l,.»n, pl„u. X„,. .hriveling ot to.el, op the Te 

no-borax plot. 

Eltinge ( 12 ) describes the effect of boron deficiency on the corn 
plant as causing a thickening and brittleness of the roots. The leaves 
of the young plants do not unroll and the leaf tissues break down 
Ferguson and Wright (14), working with sand cultures, found 
that a deficiency of boron caused no external symptoms on Golden 
antam sweet-corn plants, but the ears showed a marked corky 

brown band extending along the outer edge of the cobs at thp 

base ot the kernels. Cobs of plants supplied with boron had a 

clean, healthy, greenish-white color. 

J. Shive, of the New Jersey Agricultural Experiment Station 
has kindly submitted a photograph of corn leaves (figure 11) taken 
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from boron-starved plants grown in pot-culture tests conducted by 
him. A normal leaf (A) is compared with the boron-deficient leaf 
( C ) , showing wide white stripes between the veins. These stripes 
are formed by the coalescence of small, white elongated spots be- 
tween the veins. The younger leaves on these plants are dwarfed, 
and when the older leaves are stripped back the tissues of these 
younger leaves are seen to be white and the growing tips dead. When 
the amount of boron exceeded the normal requirement of the corn 



Coitrti'sy of J, II'. Shivc, X 


nv Jcrsry Agrit ultnral Expcrinictit Station 


Figure 11 . — Corn 
leaves. A, Normal 
leaf, B, Boron- 
starved plant; 
youngest leaves and 
tip of shoot dying. 
C, Older leaves de- 
velop yellowish- 
white stripes. D, 
Boron toxicity 
causes an edge 
“scorch,” very simi- 
lar in appearance to 
a symptom of po- 
tassium starvation. 


plant, toxicity resulted and the symptoms produced were very 
similar to those induced by potash deficiency. This was also ob- 
served by Nusbaum (28) in sweet corn. The edges of the leaves 
(figure 11-D) became brown and appeared scorched. 

Zinc 

“White bud” of corn plants is a type of chlorosis frequently found 
in fields in constant cultivation in central, north and northwest 
Florida. Zinc sulfate applied to corn in these acid mineral soils will 
correct the chlorosis and give increased yields of corn. Barnette, 
Camp, Warner and Gall (2) described the symptoms showu by 
seedlings as follows: 

In affected soil areas symptoms of white bud begin to appear 
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within a week or two after the emergence of the corn seedlings. 
The full development of the chlorophyll in the older leaves of the 
seedlings scarcely takes place before light yellow streaks appear 
between the veins. Small white spots of inactive or dead tissue 
develop rapidly in the leaves, while some small white areas that 
never have chlorophyll are present. The unfolding buds have 
leaves that are white to light yellow in color. This latter character- 
istic has given rise to the use of the term “white bud” by farmers. 
Zinc deficiency has also been reported in Alabama by Wear. 

Plate 3-A shows a zinc-starved corn plant. The lower leaves have 
died and the upper leaves show yellow striping between the veins, 
while the inner, youngest leaves are practically white. The inter- 
nodes of the plant are definitely shortened and the growth is stunted. 

No reports of zinc deficiencies in the Corn Belt States have been 
noted to date. 

DEFICIENCY SYMPTOMS IN SMALL GR.AINS (WHEAT OATS 

BARLEY, RYE) 

The common symptoms induced by deficiencies of nitrogen, 

phosphorus and potassium in wheat, oats, barley and rye are in 

many respects similar for all these crops. For two reasons the 

symptoms displayed by young plants only will be described: (1) 

Unless the symptoms are recognized before the plants are 6 to 8 

inches in height, no remedial practices can be used that will benefit 

the immediate crop; and (2) the symptoms shown by older plants 

when heading out or later are often so complicated by diseases and 

other factors that it is difficult to attribute them definitely to 
malnutrition. 

Figure 1 2 shows oat plants growing in pot cultures. The plants 
in the pot on the right which were given complete fertilizer (nitrogen, 
phosphoric acid, potash) serve as a check for comparison with those 
in the other pots in which one plant nutrient was omitted. 

In the field the most readily identified symptoms are those 
resulting in differences in the color and height of the plants their 
stooling ability, and the strength of the stalks. ’ 

The principal value of determining the causes of deficiency 
symptoms in the small grains is the information gained for cor- 
recting the soil-management program for all crops in the rotation 
with these small grains. It is important that symptoms be diag- 
nosed carefully before any remedial measures are considered. 
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Figure 72.— Oats in Crosby silt loam of low fertility. Pot 16 (N'PK), treated with complete 
fertilizer, serves as check; plants healthy and vigorous. Pot 13 (PK), nitrogen starvation; 
plants spindling, yellowish green; slightly purplish stems. Pot 14 (NK), phosphorus starva- 
tion; plants dark green; stems weak, slightly purplish tinged. Pot 15 (NP), potassium 

deficiency; dark-green, weak plants, with oldest leaves brown and tip ends deadened. 

At best the leaf symptoms displayed can be interpreted only with 
difficulty, because there are so many factors to complicate them. 
Valuable help is obtained in determining the nutrient needs of these 
crops by making comparative tissue tests for nitrates, inorganic 
phosphates and potassium on healthy plants of high-yielding varie- 
ties and those showing defective growth in different fields or even in 
the same field (page 88). The comparative tests will invariably give 
the clue to the nutrient deficiency. It is particularly instructive 
to determine the causes of different kinds of lodging induced by 
deficient or unbalanced supplies of nutrients ; to check on the rela- 
tion of available phosphates to stooling; to study the nitrogen- 
potassium relations to the incidence of rusts, mildews and other 
diseases. Field chemical tests are also useful at times in interpret- 
ing a lack of response of these crops to fertilizers improperly 

applied. Nitrogen 

The plants in the PK pot in figure 1 2 are deficient in nitrogen. 
They are erect and spindling, the leaves are yellowish green to 

yellow, and the stems are purplish green. 

Plate 12, page 101, shows a field view of nitrogen-deficient oats. 

Plate 11-A, page 100, shows a nitrogen-starved leaf from an oa 
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plsnt, it is yellow Rnd the tissues sre drying out from the tip toward 
the base. This leaf symptom is the same for wheat (plate 3-D, 
page 94) and for barley and rye. 

Cool, wet weather during the early spring inhibits the formation 
of available nitrogen in the soil. Often plowing under corn and other 
crop residues results in starving the newly seeded oats or barley 
for nitrogen, because the bacteria active in the decomposition of the 
organic matter use what little nitrogen is available in the soil and 
none is left for the new plants until nitrification becomes active 
in warm weather. When the previous corn crop has been amply 

supplied with nitrates, a “row effect” is often seen in small-grain 
fields. 

Another common demonstration of nitrogen deficiency occurs 
when small grains are seeded in fields that were in pasture the pre- 
ceding season. Dark-green patches of vigorously growing plants are 
found on spots that had been fertilized by droppings. These “ funo 

spots” demonstrate a general lack of fertility in the rest of the 
field and show the value of manure as a fertilizer. 

Although the symptoms of nitrogen deficiency are rather specific 

in young small-grain plants, there are times when it may be desirable 

to confirm them by the use of chemical tissue tests prior to using top 
dressings, as described on page 88. 

Phosphorus 

Small-grain plants require large quantities of phosphorus for the 

production of the seed and are dependent upon available phosphates 

^ or stooling. The interpretation of phosphorus-deficiency symptoms 

in the field is difficult because there are no outstanding specific 

external symptoms that point directly to phosphorus hunger. Slow 

growth and lack of stooling are the common signs of phosphorus 

deficiency, particularly when the plants are dark green and an- 
parently healthy otherwise. 

The dwarfing effects of phosphorus deficiency on the oat plants in 
the pot without phosphorus are shown in figure 12. The leaves 
of the plants were dark green. Sometimes the leaves of small- 
gram plants also show a purplish tinge. The right side of figure 13 
shows a typical example of the retarded growth in wheat due to 
phosphorus deficiency. The unphosphated plants on the left headed 
and matured about one week later than the phosphated plants The 
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yield was increased 7 bushels per acre by this phosphate applica- 
tion. 

Plate 14-C. page 102. shows the effects of phosphorus starvation 
on a wheat leaf. The tips of the older leaves die, and this dying 
of the tissues proceeds toward the base. This symptom so closely 
resembles the firing of nitrogen-starved (B) and potassium-starved 
( D ) leaves that it is difficult to use it for diagnostic purposes in the 
field. Indeed, other factors may induce similar effects to complicate 
matters. Plate 11-B shows oat leaves starved for phosphorus. The 
firing is very similar to that of the wheat in plate 14-C. 



Figure 13 . — Wheat plants need 
nitrogen. Note stunted plants 


Courtesy oj IT. //. Raukiti, NortJj Cafoliua State Cotlcgc 

abundant phosphate to respond to extra applications of 
in plot to right which received no fertilizer phosphate. 


Small-grain plants growing vigorously contain reserves of in- 
organic phosphates in their tissues until the grain is formed. Any 
uncertainty regarding a deficiency may be cleared up quickly by 
making chemical tests for inorganic phosphates in the stem tissues 
of these plants. Of course the conclusion to be drawn from negative 
tests is that more available phosphates must be used in the fertilizer 
program for these crops. 
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Potassium 

The importance of potassium in small-grain plant economy is high 

although the quantities demanded are less than for corn and legume 
crops. 

There is one common symptom of potassium deficiency that is 
found in small-grain plants and other grasses — the edge scorch of 
the leaves. In early stages the tips and margins of the older leaves 
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Figure^ 14 Wheat. Plants at left received 150 pounds of 0-20-10 fertilizer; those at ri"ht 150 

superphosphate only. Potassium strengthens the straw and prewnts 
dging This demonstration was in a field where the available potassium had become de- 
pleted by crop removals following liming and the continued use of phosphates only. 

turn yellow, then brown, and finally die, producing the scorch 
symptom. Later the stalks become weak and the plants show 
the weaknesses noted in the pots without potash in figure 12. 

Plate 1 4- D shows a wheat leaf from a potassium-starved plant. 

The edge of the leaf shows the characteristic marginal scorch. The 
leaf IS dying from the tip end. 

The foliage symptoms shown in plate 14 for nitrogen, phosphorus 
and potassium deficiencies, while definite when obtained under 
controlled nutrient conditions, are relatively unsuitable for field 
diagnosis. Unless the leaf symptoms are confirmed by chemical 
tissue tests (page 88) it is practically impossible to guess their 
significance and use them to determine the fertilizer neeL of these 
crops. Tissue tests for potassium are very reliable. 
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In barley, a deficiency of potassium results in the formation of 
small purplish-brown spots on leaves showing the marginal-scorch 
symptom. Plate 11-D shows this typical symptom of potassium 
deficiency. The cause of the spotting is unknown. The spots do not 
develop on the leaves of plants grown with adequate potash 
fertilization. 

A deficiency of potassium results in weak stem development in 
small-grain plants approaching maturity. Figure 14 shows the 
weakness of wheat stems low in potassium. Both plots had received 
phosphate, and the plot to the left had received muriate of potash in 



Figure 15. — Oats. Aroostook County, Maine. 
Rows at right were magnesium-starved; plants 
yellow and stunted. Rows at left received a 
spring application of magnesium sulfate at the 
rate of 50 pounds per acre; plants growing 
normally and heading out. 


addition. 

The shriveling of grain may 
be caused by potash deficiency 
as well as by many conditions 
of nutritional unbalance. Since 
the shriveling is also induced by 
rusts and other disease factors, 
the causes of defective grains 
must be traced throughout the 
growing season. 

Magnesium 

Little attention has been 
given to the symptoms induced 
by magnesium starvation on 
small-grain plants in this coun- 
try. Most of the investigations 
have been made on corn and 
the larger-leaved crops. Chucka 
and Love joy (6) report in- 
creased yields of wheat, oats, 
barley and rye from magnesium 
fertilizers. M. H. Lockwood, 
in private correspondence with 
the senior author, supplied evi- 


dence of the response of oats to a spring application of magnesium 
sulfate (figure IS). The magnesium-deficient plants were dwarfed 
and yellow. Thornton, at the Purdue Agricultural Experiment Sta- 
tion, produced symptoms of magnesium starvation in wheat in con- 
trolled nutrient cultures (data unpublished). The plants were 
stunted in growth, and the leaves showed a distinct mottling of 
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lighter yellowish-green patches in contrast to the normal green of 
the magnesium-fertilized plants. Plate 11-C shows this symptom. 
Plate 13 shows magnesium-deficiency symptoms in oats. 

At best these symptoms would be diagnosed with difficulty in the 

field. It is quite likely that magnesium deficiencies will be detected 

first in the larger-leaved crops in the rotation with small grains, and 

that the latter will benefit from the remedial measures for these other 
crops. 

Boron 

No reports have been noted of any symptoms attributed to boron 
deficiencies in fields of small grains in this country. Purvis (32) 
states that grasses and cereals apparently require very little boron. 

Manganese 

Manganese is an essential element for plant growth. Its role in 
plants presumably is that of a catalyst, although this is not definitely 
proved. Most investigations have been made on this element in 
relation to its influence on the chemical and biological reactions in 
the soil. The processes of nitrogen fixation and ammonification in 
the soil are dependent upon its presence. Manganese deficiencies 
are found mostly in soils high in calcium carbonate. 

Albert ( 1 ) has reported on manganese deficiency in oats in South 

Carolina. Oats growing in the heavily limed fertility plots at the 

Pee Dee Experiment Station displayed a bright yellow color of the 

leaves, with the leaves breaking down at their basal ends and dying 

slowly. The tip ends remained yellowish green and alive. These 

symptoms, according to Albert, are corrected by applications of 100 
pounds of manganese sulfate per acre. 

The “grey-speck disease” of oats, described by Davies and Tones 

(9) m Wales, has also been reported by Cook and Millar in 
Michigan (7). 

Copper 

Copper as an essential element for plant growth was proved bv 
Sommer (34), and Harris (17) has recently demonstrated the con- 
trol of a nutritional disorder of oats in Florida by the use of cooner 
salts. 

No other reports on the use of copper on small grains have been 
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CHEMICAL TISSUE TESTS 


Tests for Corn 
X it rates 

Cut out a small section of the stalk or slice a portion of a leaf into small bits. 
Place these pieces in a glass vial or on a clean porcelain plate and apply a few 
drops of concentrated sulfuric acid containing 1 percent of diphenylamine. The 
older corn stalks in the field may be cut lengthwise and the freshly exposed 
tissues tested for nitrates by applying a few drops of the test solution. The dis- 
tribution of nitrates in the plant can be noted by testing the tissues of the 
stalk from the base to the top. 

If nitrates are present in the tissue, a blue color is produced immediately. 
This positive result is typical of all dark-green corn plants. If no blue color is 
produced, no reserve nitrates are present and the evidence confirms the yellowish- 
green symptom indicating nitrogen deficiency. 

Another useful test for nitrates is made with the Brav Nitrate Test Powder 
as described in Selected Reference 4. The test is illustrated in plate 19, page 105. 

Phosphates 

\^*henever possible, always make comparative tests of plant tissues from 
similar parts of phosphorus-starved plants and those growing normally in the 
same field. 

It is suggested that tissues be taken from parts of the plants as follows: 

Young plants — base of stalk. 

Plants in tassel — tissue of stem below tassel. 

Ear stage of development — compare tests of kernel tissues versus stem 
tissues of same plant. 

Place a volume equivalent to a level teaspoonful of finely cut plant tissue in a 
glass vial, add 10 cc. of the phosphate-test solution (described later) and shake 
vigorously for 1 minute. 

Then add the phosphate-test powder (also described later), in volume equal 
to a mustard seed, to the solution and shake thoroughly. 

Refer to plate 15, page 103, the phosphate color chart, for interpretation 

of tests: 

(A) A dark-blue solution indicates an abundant supply of inorganic phos- 
phates in the plants at the time the test is made, as shown in plate 17, 
page 104. Note test of plant fertilized with phosphate (left), 

(B) A medium-dark blue indicates an adequate supply for the present stage 
of growth of the plants. 

(C) A light-blue, greenish or yellowish-green color indicates an inadequate 
supply of phosphates for normal growth and development of the plants, as 
shown in plate 17. Note the absence of blue color in the test solution at right. 

Ample reserves of inorganic phosphates are associated with health and vigoi 
of corn plants. The reserves may be high in plants deficient in nitrogen or 
potassium or both. It is important always to ascertain the relation to these 
other plant foods, reserves of which also are necessary for healthy growth. 
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Only when all three of these plant nutrients are found in reserve quantities 
should the dark-blue phosphate test be interpreted as indicating a satisfactory 
sufiply ijf available phosphates in the soil. 

A negative test for phosphate indicates an inadequate supply of available 
pho.^phatt in the s<>il. I ests for nitrates and potassium salts are important 
to complete the diagnosis and may help the interpretation of combined symptoms 
of nitrogen and phosphate hunger frequently found in plants in many acid 
soils. A negative pr>tassium test on these phosphorus-deficient tissues indicates 
a deficient sup()ly of this plant nutrient al?ai. 

l*otnsuum 

Two test reasents arc required to fletect the presence of potassium in corn- 

plant tissues, rheir preparation is (lestrihe<l on page 89. Reagent Xo. 1 

con>i-,ts of a soluthm of sixlium cohaltinitrite and .%dium nitrite in distilled 

water acidulated with acetic acid. Reagent Xo. 2 is 95-percent ethyl alcohol. 

Whenever fxtssilde always make comparative te-ts f)f tissues selected from 

similar parts of plants that a[)pear healthy and plants showing symptoms that 

indicate fxitas^ium hunger. If the tests are negative for the plant .showing the 

symptom-i while the healthy plant tissues contain potassium, the diagnosis of 
fHiiassiuni delicitncy i.s confirmecl. 

Thv fiillowing tis.sues are suggested for the tests: 

^ oung (ilants — tissues from the lower part of the stalks. 

Older plants— internodal stalk tis.sues or the ba.sal portions of the leaves 
at the norles bearing the developing ears. 

After selecting the tissues to be tested, cut the material into small bit® place 

one-half teaspionful in a glass vial, anri adrl 10 cc. of Reagent Xo. 1. .Shake 

vigorously for I minute. Then arid carefully 5 cc. of Reagent Xo. 2 anrI mi.x 

thoroughly. Let the vial stand approximately 3 minutes and note the turbiditv 
if any. that ilevelops. 

ftmbldlrvl’ a"'! compare the riensity of the cloudiness 

(turt)i(lit> ) of the solution with the f^itassium-test chart 

( A . Clear solutmn. If the sr.lutiun remains clear, as in plate 18. right page 

khJi in the tissue testerl. A negative test o’ f this 

krmi ion^lrm^ the flugno^is df potavsium-hunger svnmploms. 

nh? turbidity, as at the left in 

bla k Hnel ont‘'r ^ appro.ximated by noting whether the heaw 

per indicate, the presence of potusdum salu in the tissues, and the deLr the 
turbidity, the higher i, the potassium content. When the solution carries a dent 

Any symptoms dUplayed by .such plants are due to factors other than 
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sufficient to meet the immediate needs of the plant. It may become deficient 
later when most needed to produce good yields of well-matured corn. 


Tests for Small Grains 


Xitrates 


The diphenylamine test solution and Bray's Nitrate Test Powder are used in 
the same manner as recommended for corn tissues. By cutting several plants 
lengthwise, or by cutting several leaves into small pieces and applying several 
drops of this test reagent, the presence of nitrates may be detected readily if a 
blue color develops. If none appears, the absence of reserve nitrates is indicated, 
and the yellowish-green symptom of nitrogen hunger (plate 12, page 101) is 
confirmed. Improvements in soil conditions favoring nitrification may change 
the nitrogen relations in a few days. These nitrate tests reveal such changes. 
In older plants the nitrate tests are useful up to the time the heads develop. 


Phosphates 

The same test reagents and procedure are used as described for corn tissues. 
Use leaf tissues of young plants and stem tissues of older plants for the tests. 
Refer to plate 15, and check the test results. 

.A positive test for phosphate in small-grain plants shows that the soil supply 
of available phosphates was sufficient for the plants at the time of making the 
tests, and that any symptoms shown by the plants are caused by factors other 
than phosphorus hunger. 

.A negative test shows that the available phosphate supply is inadequate 
and is the limiting factor or one of the limiting factors causing the symptoms. 
Usually such plants contain reserve nitrates and potassium. 


Potassium 

Use either stem or leaf tissues, preferably older tissues, and follow the 
procedure described for testing corn tissues for potassium. 

.A negative test for potassium indicates a deficiency and confirms any external 
symptoms that may be evident. 


Methods for Preparing Reagents for the Chemical Tissue Tests 

The reagents ^ for making the chemical tests on plant tissues for nitrates, 
phosphates and potassium referred to in this article are prepared as follows: 

'’The methods for preparing these reagents are taken directly from Purdue University 
Agricultural Experiment Station Circular 204 (37). Other workers have described methods 
for chemically analyzing plant tissues and the composition of the sap of various plants. 
Gilbert and Hardin (16), Pettinger et al„ (29, 30, 31), Emmert (13), Hester (18), Morgan 
(26, 27), Thomas et al., (35, 36), Ulrich and others have described their respective 
techniques in detail. All involve the use of laboratory facilities and are very satisfactory for 
detailed comparative studies of healthy and malnourished plants of all kinds. These studies 
on the chemical compositions of plants provide facts not only for the interpretation of de- 
ficiency troubles, but also for the planning of extensive and effective programs for ^ 
fertilization of these crops. Canning companies and truck-crop growers are particular y 
interested in them. 
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Nitrate-Test Reagent 

Dissolve 1 gram of diphenylamine in 100 cc. of concentrated sulfuric acid. 
Note: This solution is very corrosive and much care must be taken in using it. 
Do not use it if it becomes badly discolored — ^prepare a fresh solution. 

Bray’s Nitrate Test Powder should be used as indicated by the manufacturer. 

Phosphate-Test Reagents 

Reagent No. 1. Dissolve 4 grams of ammonium molybdate in 500 cc. of 
distilled water and add, slowly and with constant stirring, a mixture of 63 cc 
of concentrated hydrochloric acid and 437 cc. of distilled water. As this solution 
may become unsuited for use after standing for a few months, it is desirable to 
prepare a solution of five times this concentration and dilute as needed. 

Reagent No. 2. Dry powdered stannous chloride or stannous oxalate. 

Potassium-Test Reagents 

Reagent No. 1. Dissolve 5 grams of sodium cobaltinitrite and 30 grams of 
sodium nitrite in distilled water, add 5 cc. of glacial acetic acid, make to 100 cc. 
volume, and allow to stand for several days. Add 5 cc. of this solution to a 
solutmn of 15 grams of sodium nitrite in 100 cc. of distilled water and adjust 
to pH 5.0 with acetic acid. Sodium cobaltinitrite from different sources has 
been found to vary widely in cobalt content. The directions given here are 
based on the use of the Baker’s Analyzed product. Cobaltinitrite concentration 
is an important factor in determining the sensitivity of the test. 

Reagent No. 2. Ethyl alcohol (95 percent). When ethyl alcohol for use 
as a reagent is difficult to obtain, a mixture of 60 parts anhydrous methyl 
alcohol, 40 parts anhydrous isopropyl alcohol, and 5 parts of distilled water 
may be substituted. If this mixture becomes turbid it should be filtered. Com- 
pletely denatured alcohol is not satisfactory. 


iron-i est Reagent 


10-percent solution of potassium thiocyanate in distilled water. 
Vhen ready to make the tests for iron in the joint tissues of the corn plant 
mix 3 parts of this solution with 1 part of concentrated hydrochloric acid and 
apply several drops of the mixture directly to the tissues. This acidulated 
solution does not keep very well ; prepare fresh mixtures when necessary When 

used as indicated on page 72 a deep purplish-red color of the joint tissues 
indicates a severe deficiency of available potassium. ^ 
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f ‘Uncultural Expvrhmnt Stdtioi 

Plate 7.-Left. severe nitrogen deficiencv. Note velZinV^b^^^ 
proceeds up the midrib, giving a \'-shaned nittern r ^ lower leaves and 

As distinguished from nitrogen deficiencv drought affects unni extreme drought. 



Plate .-Nitrogen made the difference ! N trlgtn a 
to the corn on the left. The corn on the rS re'e ed''l^ "“t* «PP'ied 

110.3 and 24.4 bushed ^ "ere 
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A, caur/csy of Florida Agricultural Experiment Station: 

B and C, courtesy of Illinois Agricultural Experiment 

Plate 3. — A, Zinc deficiency in corn. Advanced stage of “white bud” of the corn plart. 
oldest leaves are dead, the upper leaves have yellow striping between the veins, and t e 
is severely dwarfed. B, Calcium deficiency in corn. The tip ends of the leaves are 
together. C, Phosphorus deficiency in corn. The yellowing of the leaves closely 
that caused by nitrogen starvation. Tissue tests confirm phosphorus deficiency. U. *i,ui,rfer. 
starved wheat. The yellowing of the tip ends and subsequent dying indicate nitrogen 

Nitrogen-starved leaves at right, normal leaf at left. 




Plate 4. Phosphorus hunger causes purpling of the leaves of 


many strains of corn. 








C our 1 CSV of /llitiois Agrii ultural Experiment Station 

/*latc .V. — Cf»rn in the three pots to the left, inbred CCS. lacking the purple-pigment factor, 
does not develop purple color at SO, 10, or 5 parts of phosphorus per million. Corn in the 
three pots to right, inbred CA17. has the purple factor hut develops slight color only at 5 parts 

of phosphorus per million (not at extreme right). 



Courtesy of Illinois Agricultural Experiment Static 

J*fate 6. — Corn, inbred strain My, has the genetic factor for pigment production and the Iea\e' 


become purple when starved for phosphorus. 
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* ’ rt ' 

ourtesy of ^orth Carolina AgncuHuril E pcrtmnif Station and V. 5 . Dipartmint oi AgricnUure 

Plate /.-Potassium-starved young corn plant. The lower leaves show the typical marginal 
scorch. .At this stage of growth in the field it is possible to apply remedial side dressings of 

potash salts profitably. 



Plate 8, — Magnesium-starved corn. The 


tourtay oj Massac/, asells Asrkullural ExperhUcH^HHf^ 

regu ar yellowish- white stripes on the leaves indicate 
the deficiency. 
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, Normal corn leaf. 

progresses along the midrib. C, 


B, Nitrogen-starved leaf. The yellowing begins at tip end and 
Potassium-starved leaf. Note characteristic brown edge score . 
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tlate 10 . — Potassium starvation results in weak corn stalks with the 

marginal "firing” affects all the leaves. 


leaves badly damaged. The 
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C and Dy courtesy of Purdue University Agricult urai Experiment Staliof* 

Plate 11. — A, Nitrogen-starved oat leaves. Nitrogen hunger causes the leaves to yello'v and die. 
B, Phosphorus-starved oat leaves. The leaves die gradually from the tip ends with no particu- 
larly distinctive coloration. Note close similarity to the nitrogen-starved oat leaves. Chemical 
tests of the tissues are needed to confirm this symptom in the field. C. Magnesium-deficient 
wheat leaves. A slight mottling of the leaves was obtained in controlled nutrient cultures. 
D, Purplish-brown spots on barley leaves indicate potassium deficiency. These spots precede 
the usual marginal and tip-end “firing ” of potassium-starved leaves. Cause of spots unknown- 
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Plate 12. — Nitrogen-starved oat plants. Yellowish-green plants seeded in disked corn stubble 

indicate a deficiency of nitrogen. 



Plate i^.-Magnesium-starved oat plants. The 

magnesium deficiency. 
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Courtesy of Purdue Vuhersily Aerindtural Experimeul Slalwu 

,,«rW5.-Phosphorus.testchartJVhenmakm^ 

with those in the chart. e nhosohates in the tissues. 



— Courtesy of Purdue University Agricultural Experiment Station 

\Ar%A ficciip tpsts coitiDsre test viflls contflinin^ tissues 

Plate rekdve TbUteration of the heavy black lines behind the test 

with those m the^ch^ _.^^Th potassium in the tissues. 



Hate If— A, Healthy green leaf of wheat showing balanced fertility. B, Yellowish-green h 
with tip end turning yellow indicates nitrogen starvation. C, Dark-green leaf with the i 
end dying indicates possible deficiency of available phosphorus. D, Leaves with the tip en 
becoming yellow and scorched along the edges indicates a deficiency of potassium. These sym 
toms are diagnosed with difficulty under field conditions unless chemical tests for nitrates, i 

or^flfiic phosphates, and potassium are made on the tissues* 


I 102 I 












HIGH 
PHOSPH 




PHOSPHATE 


f*iate //. — (,orn tisMie test for 
in stem tissues is indicated hv 
ficiency of inorganic phospftate 
The plants sh owed no definite 


inorganic pliosphate. Left, high content of inorganic phosphate 
the dark-hliie color of the test solution in the vial. Right, a de* 
is indicated by the light greenish-blue color of the test solution, 
symptoms to indicate these tissue-test differences other than in 
th eir relative sizes. 



Plate IH . — Corn tissue test for potassium. Left, healthy leaf tissues contain an abundance 
of potassium, as shown by heavy turbidity of test solution in the vial. Right, the marginal-scorch 
symptom is confirmed by the negative (clear solution) test for potassium in the leaf tissues. 
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Plate 19. Demonstration of tissue tests used for the confirmation of nitrogen and potash defi- 
ciency symptoms in hybrid corn plants. 

< A *. Leaf and ear from a well-nourished plant. Note healthy leaf and well-matured ear. Tissue tests are shown 

loJIovvs • 


Jl) Medium nitrate- red color with Bray’s nitrate test powder. See Selected Reference 4. for description 
(2l Medium potash- see plates 16 and 18. csenpuon. 

phosphate— see plates 15 and 17. Compare these healths tissue tests with (B> and (Cl 
(Bi. Nitroiien.deficient plant. .Note yellowish green leaf and deadened tissue along midrib. Also glossv ker 
nels on underdeveloped ear. These kernels are low in protein, but high in fats. 

(4 I Aefo/it*e nitrate - — no color. 

(5| Very high phosphate. 

(6) Very high potash. .Nitrogen-starved plants frequently accumulate lu.xury amounts of phosphate and or 
potassium as shown in these tests. 

starchy plant. Note the deadened marginal leaf tissues and the tapered, unfilled ear with 

(7) Very high nitrate^ — deep red color. 

I ‘s t V er\ high phosphate. 

(^> Low potash. Potassium-deficient plants will accumulate luxury amounts of nitrates and/or phosphates hut 
cannot function properls in producing mature ears. o^^pnaies, out 

Ihese tissue tests show that when one plant nutrient becomes deficient, other nutrients may accumulate in 

eyesstse amounts further to complicate the diagnosis of the "deficient plant.” Luxury quantities of nitrates 

' < ». p osphates (>, 8), and or potash (6| frequently indicate a deficiency of some other essential nutrient for 
nealtny growth and development of the plant. 

It IS imperative to use all possible tests for the nutrient elements correctly to diagnose deficiency symptoms, 
example, the very high phosphate tests i 5. 8 » may be misleading when nitrates and or potassium are deficient 
«n the p ant^ tested. Medium tests for nitrates (1), phosphates (3l and potash (2i indicate adequate amounts 
jn t e plants at the time of testing. They are particularly important when the ears are maturing, in order to 
ascertain whether all of the plant nutrients were adequately supplied in the fertilizers applied to the crop. 
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CHAPTER IV 


Plant'Nutrient Deficiency Symptoms 

in the Potato 

By II. A. Jones, B. E. Brown and G. V . C. Houghland ^ 


T he needs of the potato for the different nutrient elements are 
about the same as those of other crop plants, but this does not 
necessarily imply that the potato requires a given element in the 
same quantity as other plants. The potato may not have as big an 
appetite for certain elements as do other crops. Take, for example, 
the element boron. Some crops, including celery, cauliflower, turnips 
and the sugar beet, appear to be much more susceptible to boron 
deficiency than is the potato. The greater response of cauliflower to 
boron has been used to ascertain whether a deficiency of boron could 
be detected in potato fields. This was accomplished by “spotting” 

cauliflower plants in the fields. Failure to produce symptoms was 
assurance that boron was not deficient. 

One may make a conjecture about the soil conditions responsible 
for nutrient deficiencies, but the forces at work are often apt to be so 
insidious that the final crop disturbance may not manifest itself defi- 
nitely for some time. For example, when magnesium deficiency 
began to develop in a number of important potato-producing sections 
along the Atlantic seaboard, it was not until the supply of available 
magnesium hit rock bottom that definite symptoms of magnesium 
deficiency were generally observed. The continued use of certain 
fertilizers tended to increase the acidity, and the trouble spread 
rapidly. After considerable experimental work the remedy was 
found to be the addition of magnesium to the fertilizer mixture or 
directly to the soil. Combining the magnesium compound with the 

fertilizer gave a quicker effect and insured a supply of magnesium 
for the young potato plants. 

^ The writers have been unable to find a single case reported in the 
United States of a deficiency of boron, calcium, copper or zinc which 
has affected the potato when grown under field conditions. How- 
ever, salts containing these elements have been applied to potato 
soils in this country with results differing from little to no response. 


H. A. Jones is head horticulturist, B. E. Brown is formerly senior biochemist, and G. \ . C 

I Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 

Industry', Soils and Agricultural Engineerine, U, S. Department of Agriculture. 
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and in a few cases actually causing depressions in growth and yield 
(3, 11, 12, 13, 15, 16, 19, 20, 22, 23, 24, 27). Manganese deficiency 
has been reported in naturally calcareous or overlimed soils because 
under such conditions this element is made comparatively unavail- 
able for use by plants (10). Other elements — boron and zinc — are 



Figure 1. — Above, potato vines free from any nutrient deficiency. Normal foliage and growt 
Splendid yields are the result of careful culture and plant feeding. Below, potato vines respon- 
sible for such a yield as this received a well-balanced diet with no deficiency of any nutrient 

element. 

reported to be affected similarly by an excess of calcium carbonate 
(21). Potato soils in the East, however, are generally acid in reac- 
tion, and perhaps this is why boron and zinc deficiencies are not a 
problem. For the same reason iron and manganese present no prob- 
lem. Spray programs tend to provide a supply of copper and arsenic. 
In the more detailed discussion to follow, no reference has been made 
to aluminum, molybdenum and a number of other so-called nunor 
elements because there is no evidence at the present time to indicate 





PLANT-NUTRIENT DEFICIENCY SYMPTOMS IN THE POTATO 109 


that they are essential to the potato. The time may come, however, 
when an element not now established as essential may turn out 
to be a vital factor in potato production. Potato investigators must 
be alert to the importance of the many studies under way to deter- 
mine the requirements of economic crops for these minor elements, 

and be ready to determine the bearing these studies may have on 
potato production. 

The white or Irish potato is adapted to a wide range of soil and 
climatic conditions. In the United States it thrives from Maine to 
the lower Rio Grande Valley of Texas, and from the Atlantic to the 
Pacific coast ( figure 1 ) . Important commercial-producing districts, 
presenting a wide variety of growth conditions, are located in areas 
of both high and low altitudes and humid and semiarid conditions. 
In these districts crops are grown with different lengths of daylight, 

under sunlight of different qualities and intensities, and on soils that 
vary widely in texture and in natural fertility. To each environ- 
mental influence the potato plant responds in a somewhat different 
manner. Deficiency symptoms due to the lack of any one or more 
than one element are not always the same under all conditions, but 

certain of the abnormalities seem to be characteristic, and these will 
be given consideration here. 

When the plants are grown under controlled conditions in sand 
and water cultures there is much better agreement in the descriptions 
of the deficiency symptoms observed by various investigators. These 
artificially produced symptoms help to point the way to a finer dif- 
ferentiation of deficiency symptoms occurring naturally under field 
conditions. 

NITROGEN DEFICIENCY 

A deficiency of available nitrogen is a distinctly limiting factor in 
the growth of the potato plant — perhaps more generally so than a 
deficiency of any other essential element. Some source of nitrogen- 
manure, commercial fertilizer, green-manure crops, or a combination 
of these— is almost always utilized in commercial potato production 
except possibly on organic soils, such as muck and peat. 

In V irginia an acre of potato plants during the first 50 days after 
planting utilized less than 7 pounds of nitrogen as measured in the 
growth above ground; during the next 10-day period absorption of 
nitrogen averaged 1 pound a day, and during the next 20-day period 
It averaged 2 pounds a day. After about the eightieth day when 
growth above ground had practically stopped, there occurred a 


no 
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gradual transfer of nitrogen from the foliage to the developing 
tubers ( 6 ).' 

The reaction of the potato to nitrogen deficiency is similar to that 
of many other crops. The growth of the entire plant is restricted in 
accordance with the extent of the deficiency (plate 1, page 129), and 
this stunted condition is reflected in reduced yields and poor quality 
of tubers. The plant takes on a light-green to yellowish-green color. 
In advanced stages, the margins of the lower leaflets lose their chloro- 
phyll. the color fading to a pale yellow (plate 1, lower right), and 
some shedding of foliage usually results. 

Nitrogen deficiency is usually associated with sandy soils low in 
organic matter and acid enough to interfere with nitrification. A 
fertilizer practice that fails to offset the nitrogen losses from the soil, 
as a rule, ultimately results in acute nitrogen deficiency. Preventive 
measures include liming to control soil reaction; adding nitrogen- 
organic matter in the form of manure, composts and green manures 
to supply a reservoir of nitrogen; and using commercial fertilizer at 
the proper time and rate to provide an ample supply of available 
nitrogen. 

PHOSPHORUS DEFICIENCY 

Phosphorus absorption during the season corresponds closely with 
that of nitrogen, but the greatest amount of phosphorus absorbed is 
about one-sixth that of nitrogen in Virginia (6) and one-twelfth 
that of nitrogen in ]\Iaine (14). At the time the plants reach full 
growth, about 50 to 75 percent of the phosphorus in the tops has been 
conducted to the developing tubers (6,14). A supply of phosphorus 
which is inadequate generally causes pronounced growth reactions 
( plate 3, page 130). The plants are smaller than normal, somewhat 
.spindling, and definitely retarded in growth, particularly during the 
early stage of development. At Aroostook Farm, Presque Isle, 
Maine, plants on plots receiving ample quantities of nitrogen and 
potassium but no phosphorus grow very slowly during the early part 
of the season and often appear no better and occasionally poorer 
than those on plots without fertilizer; but later, when they have 
developed a more extensive root system, they outgrow the plants 
without fertilizer. They also tend to continue growth in the fall 
longer than those on most of the other plots. 

“The list of citations at the close of this chapter is by no means complete. Anyone 
in more extensive reading is referred to “Bibliography of the Literature on the Minor 
and Their Relation to Plant and Animal Nutrition,’^ fourth edition, Volume I, 1948^ pu 
by the Chilean Nitrate Educational Bureau, Inc., 120 Broadway, New York 5, N. Y. 
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Potato plants grown on phosphorus-deficient soil may produce 
tubers with rusty-brown lesions in the flesh in the form of isolated 
flecks which sometimes join together to produce larger discolored 
areas. The flecks occur in both the cortex, or outer region, and the 
pith, or central portion, and may cross the vascular ring located 
between these two regions. Generally, the pith is affected more 
often than the cortex. The flecks vary in size from those that are 
scarcely visible to those almost half an inch in diameter. They also 
vary in number. If the crop is lightly affected, only a single small 
fleck may be apparent in a tuber; if it is badly affected, the lesions 
may occupy more than half the volume of the potato. The arrange- 
ment of the flecks is generally irregular, but occasionally there is 
a tendency toward a radial pattern — streaks running out from a 
center. In external appearance there is usually no distinction be- 
tween normal and affected tubers. Seldom do flecks occur so near 
the surface that they can be seen without cutting. When these 
potatoes are boiled, the flecks remain as hard, discolored masses in 
the softened tissue. Brown flecks in the flesh of potato tubers have 
been described in the publications from most potato-growing coun- 
tries. However, brown flecks may be due to other causes besides 

phosphorus deficiency — for example, virus diseases or heat or frost 
injury. 

When potato plants are grown in sand or water cultures with 
solutions deficient in phosphorus (plate 2, page 130), the leafstalks 
(petioles), leaflets and their margins turn upward. The leaflets 

are smaller and darker than normal, and the plants are somewhat 
rigid (17, 26). 

Phosphorus deficiency occurs on a wide range of soil types on 

heavy soils because of fixation, which makes the phosphorus unavail- 
able; on light soils because of a naturally low phosphorus content- 
and on both types because of crop removal. Lack of available phos- 
phorus may be reflected more in low yields and poor quality than in 
distinctive foliage symptoms, but the latter will develop where con- 
tinuous cropping is practiced without adequate phosphorus appli- 
cations. 


POTASSIUM DEFICIENCY 

The potato plant must have a continuous supply of potassium for 
normal growth. Where a deficiency exists, growth of the plant is 
first retarded and finally completely checked, and the internodes are 
somewhat shortened, which gives the plant a compact appearance. 
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The leaves are reduced in size, owing to a narrow arrangement of 
the leaflets, which form a sharper angle with the leaf petiole. The 
leaflets lose their smooth surface, become crinkled and curve down- 
wa r d . 

The early appearance of abnormally dark green foliage is one of 
the most dependable signs of potassium hunger. Then the older 
leaves become yellowish, and a brown or bronze color develops, 
starting from the tip and edge and gradually affecting the entire 



Figure 2 . — The final stage of potassium hunger — a plant completely collapsed through lack 
of vigor and resultant fungus attacks. Only small, low-quality tubers are produced by 

such plants. 


leaf, which finally dies (plate 4, page 131). In a single plant this 
bronzing is not so striking, but it is quite prominent in mass effect. 
Under certain light conditions a distinct purplish cast is apparent. A 
number of the lower leaves may dry up at the same time, leaving 
for a time a tuft of dark-green leaves at the apex, or top, of the plant. 
Eventually, the entire plant dies (figure 2). 

Sand cultures have also been used to study potassium-deficiency 
symptoms of the potato, and the responses reported are similar to 
those described for plants growing in the field (26). The leaf, leaf- 
lets and leaflet margins bend downward. The color of the leaves 
changes from a normal healthy green to a dark green and afterwards 
to a peculiar bronze or yellow, beginning with the oldest leaves. 
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Symptoms on the lower leaves may be pronounced while the top of 
the plant still has a normal appearance. The diseased tissue of the 
leaves protrudes strongly between the veins. In severe cases the 
leaf margins break down, and discolored areas appear on various 
parts of the stems and petioles. The tuber stolons are shorter than 
normal, and the roots and tubers are poorly developed. 



Figure 3. During World War I potash became a scarce article. Rows on left received 5-10-0 
at rate of 1 ton per acre; rows on right, 4-8-4 at the same rate. Much earlier collapse of 

plants where no potash was in the mixture is very evident. 


Yields are decreased in proportion as the shortage of potassium 
increases. In the United States the area most generally affected is 
that lying east of the Appalachian Mountains, particularly the sandy 
soils of the Atlantic Coast States. Deficiency symptoms have been 
noted as far north as Aroostook County, Maine, being more promi- 
nent there on the Washburn than on the Caribou type of soil. In 
general, deficiency occurs on light sandy soils of a leachy nature and 
on mucks and peats. Some heavy soils high in total potassium, how- 
ever, are too low in available potassium to satisfy the needs of the 
potato crop, which requires from 100 to 200 pounds of potash per 
acre. During World War I, when the supply of potash fertilizer 
became very low, the deficiency became very serious (figure 3). 




piani-nutrient deficiency symptoms in the potato 
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'“l”gXlTw« President was grown under 

controlled conditions in glass sand “ ^ 

symptoms were more ,he lowermost leaves, then 

^tdte- ^r i:Ls dl^ P-— SSot 

tissue was ataost pm^ whi e P f ™ded^up_^^^ 

roots and tubers was also checked. In the presence oi 

gen, symptoms were still ^ combination of very 

deficiency ^ ^ ^ calcium content, and relatively 

Tin nTtrogen (6V in Virginia have shown that 

symptoms of rnagnesium m 

:Tr £;ar.y — P~-^ 

ne?um ^ibly becomes a limiting factor on even the most fertile 

RLultsTflTrimeM^ in Aroostook County, Maine, have ahown 
that the so-called “potato sickness” prevalent in that district ati 
iTciftcally associated with magnesium deficiency niay be effectively 

controlled by aPP'^sa,^^-;:” ZZTand wlh Cobbler; 

:lT“bytcCa«ng magnesium sulfate- with the ordi- 

^ + f^rtJUypr r8 9') or in the spray mixture (2), particu- 
larly ^n fieWs where severe ’ chlorosis developed shortly after the 

pmereence of the plants. Deficient plants sprayed with magnesium 
bordeaux showed recovery in the new growth, lived longer, and 
vWded more. In one test the yield from the use of magnesium 
tordetux was 96 bushels an acre more than the yield in adjacent 

a Equivalent to 30 pounds of magnesium oxide (MgO) per acre. 
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Fortunately, this country need no longer fear the pinch of potash 

hunger. • tr u 

Obviously the remedy for potassium deficiency as it affects the 

potato is to utilize any available manure or fertilizer containing 
sufficient available potassium. 

M.^GNESIUM DEFICIENCY 

Magnesium-deficiency symptoms on potatoes have been reported 
from practically all of the potato districts of the Atlantic Coastal 

Plain and as far north as Aroostook County, Maine. 

The foliage of affected plants is lighter in color than normal. The 
lower leaves are the first to become affected, since some of the mag- 
nesium is withdrawn to be used over again by the new growth. In 
mild cases, only the lower leaves of the plants show symptoms, while 
the new growth appears healthy. Loss of green color begins at t e 
tips and margins of the lowermost leaves and progresses between te 
vetas toward the center of the leaflets. In advanced stages of defl- 
ciency the central portion of the individual leaflet becomes c oro ic 
between the veins and eventually is filled with small brown dead 
areas. Breakdown of the tissue, like loss of color, usually starts at 
the tip of the leaf, and the terminal leaflet is generally the one mos 

severely affected. The lower leaves of magnesium-deficient plants 

are brittle, which serves to distinguish them from leaves ye owing 

naturally through age. . 

In severe cases nearly the entire area of the leaves and all e p 

the top growth of the plant are affected. The plants have a very 

marked chlorotic and stunted appearance with some upward rol i g 

of the lower leaves, which show a definite bulging between the vei 

and become thick and brittle. These symptoms seem to be mos^ 

conspicuous after a warm, dry spell when the potato plants are a 

8-10 inches tall. Finally, the chlorotic leaves die, turn brown, 

often drop off the plant (plate 5, page 132). 

Magnesium-deficiency symptoms were observed .j„. 

1931 at two distinct periods in the growth of the crop (7). 
tions of the trouble were detected first in late April, during a p ^ 
of rainy weather when foliage growth was rapid. Later, 
dry spell, the trouble disappeared to some extent as the plan 
able to absorb sufficient amounts of magnesium from the son. ^ 
ficiency symptoms appeared again during the ^^^ter part o^ 
and were prevalent over a much wider area than at the ti^ 
first outbreak. The recurrence of symptoms, which resulted 
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plots sprayed with high-calcium bordeaux. On less deficient soil in 
the same field, the yield was increased only 38 bushels per acre. In 
another test the magnesium bordeaux increased the yield 133 percent 
on deficient soil and 1 1 percent on better soil. It is suggested that 
some of the spray stimulation reported in the past may have been 

due to absorption of magnesium by the plants from magnesium lime 
in the bordeaux. 

Magnesium deficiency generally occurs in highly acid soils, but it 
is not necessarily confined to those that are light and sandy, for its 
effects have been observed on soils of high fertility such as Caribou 
loam in Aroostook County. Heavy applications of acid-forming 
fertilizers, particularly those containing certain nitrogen materials 
of high plant-food concentration, increased the solubility of the 
magnesium compounds, which were subsequently leached away from 
the feeding range of the young potato plants. 

Practical remedies for magnesium deficiency consist of applica- 
tions of light amounts of dolomitic limestone made directly to the 
soil; introduction of magnesium sulfate, generally a calcined form, 
into the fertilizer mixture, at a rate to furnish 30 to 40 pounds of 
magnesium oxide per ton ; addition of enough dolomitic limestone to 
the fertilizer mixture to make it neutral ; or a combination of two or 
more of these (18). The use of magnesium bordeaux or spraying 
the tops with a 2 to 3 percent solution of magnesium sulfate is a 

quick-acting remedy, but soil applications produce a more lasting 
effect. 


CALCIUM DEFICIENCY 

Though only about one-fourth as much calcium as potassium is 
used by the potato plant, calcium plays an important part in the 
plant’s development besides creating a favorable soil environment 
for growth (6). Calcium has an indirect effect on the growth of 
the plant by altering the availability of certain nutrients and pre- 
venting the toxic effect of others. 

Potatoes grow well in acid soils — pH values between 4.8 and 5.5. 
When the soil is more acid than this, unfavorable conditions develop, 
such as aluminum toxicity and phosphate fixation. Soils less acid 
may prove congenial for the growth of the scab organism: though 
yields may not be reduced, the scabby tubers are less desirable for 
market and the crop may even be valueless because of scab lesions. 

The intake of calcium into the aerial portion of the potato plant is 
continuous, and the amount present reaches its peak at maturity. 
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There appears to be very little removal of calcium from the older 
portions of the plant to the developing buds and shoots, and for this 
reason a continuous supply of available calcium from the soil to the 
growing regions of the plant is necessary if deficiencies are not to 
occur. Also, the transfer of calcium from the aerial portion to the 
developing tubers seems to be negligible. Studies in Virginia show 

that only about 7 percent of all the calcium absorbed by the plant 
is located in the tubers (6). 

One would naturally expect to find calcium-deficiency symptoms 
in the potato plant in regions where acid soils and heavy rainfall 
prevail. Though such symptoms apparently have not been observed 
or reported in the literature, the possibility remains that certain 
abnormalities that have been ascribed to other causes may have been 
due to lack of calcium. Because of lack of evidence under field con- 
ditions, it is necessary to refer to calcium-deficiency symptoms in- 
duced artificially (plate 6, page 133). 

Deficiency symptoms on potato plants grown in sand culture with 
limited calcium are characteristic and pronounced (26). First, a 
light-green band appears along the margins of the young leaves of 
the bud. The tissue in these light-colored areas may be killed; con- 
sequently, the leaves do not develop normally and often have a 
wrinkled appearance. In severe cases the young leaves at the top 
remain folded and later the tip of the plant dies. The axillary growth 
which develops later may show the same symptoms as did the young 
leaves of the terminal bud. 

In the medullary or pith region of the tubers, dead spots develop; 
these areas show first as a diffuse brown discoloration within the 
vascular ring at the stem end of the tuber. The symptoms may show 
up in tubers from plants that had healthy-looking foliage, which 
seems to indicate that when calcium becomes deficient late in the 
life of the plant the effect is primarily on the tuber, there being very 
little or no transfer of calcium from the aerial portions of the plant 
to the tubers to take care of the deficiency. Thus a continuous supply 

of calcium must be available as long as new organs are being formed 
and new tissue is being developed. 

Calcium deficiency usually develops later in the growth of the 
plant than magnesium deficiency, owing to differences in solubility 
and leaching of the respective compounds. Potatoes growing on 
light sandy soils, which are more nearly devoid of calcium compounds 
than heavier soils, generally suffer first. The obvious remedies are 
to prevent excessive acidity by the use of limestone and to incor- 
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porate suitable calcium compounds with the fertilizer mixture when 
these are known to be lacking in the materials used. 

BORON DEFICIENCY 

Boron-deficiency symptoms of potatoes have been reported from 
time to time. In the field they have been described as occurring 
chiefly in tubers rather than on the vines. Only minute quantities 
of boron are needed for normal growth, and, so far as known, there 
are few published reports of vine injury under field conditions due 
to the lack of this element. Where a deficiency of boron does exist, 
field applications have given noticeable growth responses, such as 
hastening the emergence of the plants and bringing plants into bloom 
10 to 14 days before those without boron applications. 

A report of field experiments by the New York (Cornell) Agri- 
cultural Experiment Station indicates that boiled potato tubers 
grown without boron additions to the soil showed much sloughing 
(falling away of outer layer), were fairly soggy, and possessed a 
flat flavor definitely inferior to that of tubers grown with added 
boron. The effects of adding 20 pounds of borax per acre were to 
produce a material reduction in sloughing, an increase in mealiness 
and dryness, and an improvement in texture, flavor and color (25). 
However, the quality of dehydrated potatoes, including their color 
and flavor, was reported to be unaffected by applications of 7^4 
pounds of borax per acre contained in potato fertilizer (5). 

During the World War I period and for a time following, consid- 
erable injury occurred to the potato crop from excess amounts of 
borax in fertilizers. Subsequent experiments have shown, however, 
that bad effects on yield may be due largely to the manner in 
which borax is applied. On Caribou loam in Aroostook County. 
Maine, definite injury occurred when 5 pounds per acre were applied 
in the furrow directly before planting. Surplus borax may prevent 
sprouting of the seedpiece and thereby produce poor stands. Other 
effects are killing of the sprouts after some growth has occurred, 
failure of roots to form, weak appearance of plants that finally do 
emerge, bleaching of the foliage or marginal yellowing of the leaves, 
and abnormally low yields (4). 

Because of the inability to study satisfactorily the effect of boron 
deficiency on the behavior of the potato plant under field conditions, 
a number of investigators in both Europe and America have designed 
experiments whereby the plants could be grown with insufficient 
boron in water and sand cultures. It is doubtful, however, if many 
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of the symptoms that appear in culture will ever appear in the field, 
because such a minute amount of this element is adequate for the 
normal functioning of the plant (plate 7, page 133). 

The descriptive reports of most investigators regarding deficiency 
symptoms are in fairly close agreement. A killing of the growing 
points and the tips of the terminal shoots and a stimulation in growth 



Courtesy of the New York (Cornell) Agricultural Experiment Station 

Figure ^ — Lack of sufficient boron seriously interferes with root development of the potato 
plant. Fibrous roots are seen to be very much restricted in growth. (From work of Ora 

Smith and L. B. Nash.) 

of the lateral buds are characteristic. Internodes remain short and 
give the plant a short, bushy appearance. Leaves thicken and the 
margins roll upward, as in potato leaf roll. When the boron defi- 
ciency is not great, only a slight upward curling of the leaf margins 
of the older leaves is visible. With greater deficiency petioles become 
brittle, loss of green color (chlorosis) appears, and in severe cases 
anthocyanin (a purple pigment) is developed. The leaf points and 
margins, especially those of the older leaves, die prematurely. 
Starch congestion in the leaf tissue is conspicuous. 

In an advanced stage of boron deficiency the roots are short and 
thick and have a brown appearance. Root tips die, and this stimu- 
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lates the development of secondary rootlets, which in turn may die 
soon after emergence (figure 4). 

Internal symptoms of boron deficiency are first found at the grow- 
ing points of the roots and afterwards at the growing point of the 
stem. These symptoms appear as a brown discoloration and a 
breaking down of individual cells or cell complexes before the grow- 
ing point is killed. Later, the stem, the axillary buds, and the internal 
parts of the lateral shoots become diseased; next, the tissue of the 
nodes is attacked, that of the highest first, then that of the internodes. 

Boron-deficient tubers are smaller than normal and often have a 
ruptured surface. The green portion of the plant may be markedly 
diseased, whereas the tissue within the tuber may show slight symp- 
toms or none at all. Again, the tubers may develop typical s)mip- 
toms, such as a local brown discoloration below the skin, generally 
at the stem end of the tuber, or a brown discoloration of the vascular 
ring — most pronounced at the stem end but varying in the distance 
it extends toward the apex — or both. Tn a few cases portions of 
the pith region also were reported as having been affected with brown 
discolorations. 

Boron deficiency has not as yet become a problem for the potato 
grower unless boron is needed to prevent certain physiological dis- 
turbances within the tubers themselves. More experimental wwk 
will be required to determine whether the results reported by Euro- 
pean investigators are applicable to conditions in the United States. 
Although authentic cases of boron deficiency have not been observed 
in the United States in the field, it is felt that under certain con- 
ditions a light broadcast application — 10 to 15 pounds per acre 
of sodium borate (ordinary borax) may be beneficial. 


^ I .\N G.W ESE D E F IC I ENT Y 

^langanese has long been known to be present in plants, and in 
comparatively recent years it has been considered an essential elo* 
ment for plant growth ( figure 5). This element has been shown to 
function in the synthesis of the green coloring matter ( cblorophidl) 
and in photosynthesis — the manufacture of carbohydrate in the 
plant. To manganese are also ascribed certain stimulating (catar 
Ivtic) functions, such as the activation of oxidizing enzymes. These 

mr 

functions would seem particularly important in the potato. 

Symptoms of manganese deficiency have been noted especialK m 
plants grown on highly calcareous or marly soils or on those that 
have been heavilv overlimed. The first symptom is a chlorotic 
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condition of the leaves, appearing first between the veins as an 
abnormal coloration which, depending upon the kind of plant, may 
be either pale green, yellow or red. Usually as the trouble becomes 
intensified the discolored areas between the green veins turn white 
(plate 8, page 134). In Australia it has been shown that the “gray 
speck” or “white wilt” malnutritional disturbance of oats is asso- 
ciated with a lack of available manganese. 


1 



Courtesy of J. Neller, Florida Agricultural Experiment Station 

Figure 5— When the supply of manganese is insufficient, potato plants show it. Above, not 

enough manganese ; below, enough manganese. 


Manganese deficiency has been noted on certain truck soils of the 
Atlantic seaboard, but no clear-cut description of how it affects the 
potato has been given (1, 10). 

In water culture the deficiency symptoms on potatoes appear as 

light-green chlorotic areas in the interveinal tissue of the upper 

leaves. Later, numerous little brown patches develop along the 

veins and these dead areas increase in both size and number. When 

the lack of manganese is not severe, the upper parts of the plants 

become somewhat chlorotic but do not develop dead spots ( olate 
9 , page 134). 

Even on highly calcareous or heavily overlimed soils it is likely 
that 50 to 75 pounds of manganese sulfate per acre would be suffi- 
cient to meet any deficiency of this element. On acid soil there may 
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be an excess of manganese in the soil solution sometimes great 
enough to create a toxic condition. 

SULFUR DEFICIENCY 

Sulfur-deficiency symptoms in the potato appear to have been 
encountered in the United States only in nutrient culture studies 
(figure 6). No symptoms on potatoes seem ever to have been 



Courtesy of U . S. Department of Agriculture 


Figure 6 . — Xormal potato plant at right. The plant at the left is exhibiting pronounced 
sulfur-deficiency symptoms. The leaves and veins are yellowish with slight upward roll, 

and small brown necrotic areas occur between the veins. 


observed under field conditions in this country. Until recent years 
the general use of superphosphate as a source of phosphorus in 
mixed fertilizers has been an insurance against sulfur hunger. Ob- 
servations on other plants show that when a shortage of sulfur exists 
the leaves may become yellow, the stems woody, and root develop- 
ment may decrease. Sulfates have been found to increase nodular 
development of certain legumes, notably alfalfa and red clover. 
Other researches tend to show that sulfur increases root development 
and may have a role in chlorophyll development. Most investiga- 
tions seem to indicate that symptoms resulting from a shortage of 
sulfur develop slowly. 

In sections where fertilizers containing ordinary superphosphate 
are used in potato production, the large quantity of calcium sulfate 
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associated with the superphosphate is insurance against a shortage 
of sulfur. If, however, concentrated fertilizers are used which con- 
tain no sulfur compound, a deficiency on light sandy soils may 
develop. Obviously, the inclusion of appropriate sulfur compounds 
in these fertilizer mixtures would then be necessary, 

IRON DEFICIENCY 

A deficiency of available iron results in a malnutritional chlorosis 
which requires treatment with an iron salt to overcome the conditions 
or at least to prevent further development. Like those of boron, 
manganese and zinc, iron deficiency is usually found on highly cal- 
careous or overlimed soils. This condition makes the iron less avail- 
able and causes a so-called lime-induced chlorosis. On acid soils a 
deficiency of iron is a very remote possibility. A search of the agri- 
cultural literature fails to disclose any description of iron-deficiency 
symptoms in relation to potato plants in the field. 

In water culture, with iron omitted the first symptom on potatoes 
is a slight chlorosis in the young leaves, rather regularly spread over 
the leaf blade. The points and margins of the leaflets keep their 
green color longest. Since both the green and yellow pigments are 
affected, the discolored tissue becomes a clear pale yellow, and in 
extreme cases almost pure white. The chlorotic tissue is curved in 
an upward direction. Leaves that develop before the symptom 
appears retain a normal green color. 

Iron deficiency has not been reported on potato soils so far as is 
known. On acid soils there is usually sufficient available iron in 
the soil solution to take care of growth requirements. As acid soils 
are usually preferred by potato growers because of the inhibitory 
effect on the development of the scab organism, there is little possi- 
bility of iron deficiency occurring in the production of this crop. 

To correct iron deficiency in other crops, the salt most generally 
used is ferrous sulfate. 

COPPER DEFICIENCY 

Copper is now considered by some to be essential to plant growth, 
but convincing proof is still lacking as to whether it is essential or 
indirectly beneficial. Xo authentic case of copper hunger except on 
organic soils seems to have been recorded in the agricultural litera- 
ture. Potato soils of a mineral type rarely, if ever, suffer from lack 
of copper. This perhaps may be ascribable to the fact that sufficient 
copper is applied to potato plants in spray mixtures to prevent a 
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deficiency. Some of the added copper gets into the soil, while some 
may be absorbed by the potato foliage. 

Copper deficiency has not been known to occur in the general run 
of potato soils. As mentioned, potato plants have for their utiliza- 
tion the natural store of copper in the soil supplemented by the 
copper in sprays applied to prevent fungus diseases. 

Copper sulfate is the copper salt usually applied to the soil to 
correct a deficiency of this element. 

ZINC DEFICIENCY 

Zinc is now accepted provisionally as an element essential for 
plant growth. Very little of this element apparently is required by 
plants. Present knowledge, however, indicates that some plants 
either need less zinc than others, or are able to obtain their needed 
supply more readily through a more elaborate root system. So far 
as is known, zinc-deficiency symptoms have never been reported as 
occurring on the potato under field conditions. Very little of a 
positive nature is known about the metabolic activities of zinc, some 
investigators adhering to the belief that its action is indirect. 

Potato plants growing in water cultures without zinc are reported 
to show distinct deficiency symptoms. Growth of the plants is 
checked and they do not attain as large a size as those supplied with 
zinc; the top leaves assume a slightly vertical position, while the 
margins of some of the leaflets curl slightly upward suggesting the 
early symptoms of leaf roll. The leaves are smaller than those of 
the controls, the upper internodes are shorter, and the plants are 
more rigid. 

Plants without zinc form grayish-brown to bronze-colored irregu- 
lar spots, usually appearing first on leaves halfway up the plant, 
but sometimes on the older or on the younger leaves, and finally on 
almost all the leaves. The affected tissue becomes sunken and 
finally dies. Badly diseased plants have brownish-colored spots on 
the leaf petioles and stem. Plants grown without zinc are signifi- 
cantly shorter than normal and they have a smaller weight of foliage 
and tubers. 

On acid soils enough zinc goes into the soil solution to prevent 
the appearance of zinc-deficiency symptoms in the potato. It 
possible that a deficiency might occur on highly calcareous soils 
or on those heavily limed. To correct zinc deficiency in other crops, 
zinc sulfate has been commonly used. 
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WHEN MORE THAN ONE ELEMENT IS DEFICIENT 

Potato plants grown in river sand with both potassium and phos- 
phorus omitted have normal plant shape and color, but the growth 
of the stems, roots and tubers is strongly checked (26). 

With phosphorus and nitrogen omitted, the petioles, leaflets and 

leaf margins are still more erect than in the case of phosphorus 

deficiency alone, but the leaves are lighter green in color. The plants 

are dwarfed and very stiff, the leaflets small, roots and tubers poorly 
developed. 

With potassium and nitrogen omitted, the dark-green color char- 
acteristic of potassium deficiency is absent but the interveinal tissue 
protrudes upward and the leaves and margins of the leaflets are 

curved downward. The plants remain small and the roots and 
tubers are poorly developed. 

Where all three of these important elements — ^potassium, phos- 
phorus and nitrogen are omitted, growth is severely checked, but 
the shape and color of the plants are close to normal. 

At present very little is known concerning the combined influence 

of a deficiency of two or more minor elements on the potato plant 

For example, with both boron and calcium well below the optimum 

physiological requirements, the growth reactions might be expected 

to be a blending of the individual effects of the deficiencies of the 

two elements, or the symptoms of one deficiency might dominate 
or mask those of the other. 
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KEY TO PLANT-NUTRIENT DEFICIENCY SYMPTOMS OF THE POTATO 


Gffu'rdl characteristics : Reduced groivih. ^fore or less localized effects. Parasitic or virus 

disturbances absent. Change in color of plant. 

Element 

DEFICIENT 

A. Effects general on entire plant or confined to older or lower leaves. 

B. General on entire plant : also yellowing and drying up. or “firing.” of lower 

leaves. Acute stages develop reddish to purplish color in lower 
leaves, 

C. Color fades, beginning with tips and margins of leaflets, until all foliage 
becomes a lighter green than normal. In time color may fade to 
pale yellow. In extreme cases margins of lower leaves become 
devoid of chlorophyll and curl, sometimes “firing.” Stunted 
growth and defoliation are characteristic Nitrogen 

C. Foliage crinkly and dark green. In acute cases lower leaves become 
purplish. Plants stiffly erect. Petioles, leaflets and leaf margins 
take an upward direction. Leaflets often cup-shaped. Leaves fail 
to expand to normal size. Growth seriously affected when de- 
ficiency is acute. Tubers may have rust-brown lesions occurring 
internally Phosphorus 

B. Localized, occurring as mottling or chlorosis (loss of green color), with or 

without necrotic (dead) spots on lower leaves; practically no 
drying up of lower leaves. 

C. Lower leaves lighter green than normal. Chlorosis begins at tips and 
margins of lowermost leaves and progresses between veins 
toward center of leaflet. Eventually tissue between v^cins is filled 
with brown deed areas. A definite bulging between veins and 
thickening of foliage occur. Affected leaves arc brittle Magnesium 

C. Foliage darker green than normal. Leaf reduced in size. Internodes 
remain short. Plants have a humped-up, recurved appearance. 

Foliage becomes crinkled, and veins appear sunken. Later the 
older leaves become a trifle yellowish. Then a bronzing develops 
from tips and margins and gradually inv^olves the entire plant. 

This bronzing is particularly evident in mass effect. In final stage 

plants are susceptible to attack by parasitic organisms Potassium 

C. Lower leaves chlorotic, develop grayish-brown to bronze irregular 
spots, first usually on leaves midway of plant, eventually affecting 
practically all foliage. Spots become sunken and involved tissue 
finally dies. In extreme cases internodes remain short and leaves 
small and thick. Spots develop on petioles and stem, top leaves 
assume a slightly vertical position, and margins of leaves may 
curl upward Zinc 



Effects localized on newer leaves of plant. 

B, Terminal bud dies, preceded by unusual distortions at the tips or bases 

of the young leaves making up the terminal bud. 


C. The young leaves of the terminal bud are lighter green than normal, 
the lighter color being most pronounced at the base. Stem tip 
may die or make distorted growth. Internodes remain shortened, 
giving plant a bushy appearance. Leaves become thickened and 
roll upward, and leafstalks become brittle. Anthocyanin (purple 
pigment) may develop. Tips and margins, especially of lower 
leaflets, die prematurely. Tubers remain small and often have a 
ruptured surface 

C. Earliest symptom is a light-green band along margins of young leaflets 
of terminal bud. Such areas often die (necrosis), giving leaflet 
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a crinkled or buckled appearance. In some cases young leaves at 
top remain lolded, causing tip to die. Margins of leaflets often 
roll upward. Axillary buds may show same symptoms as terminal 
bud. Tubers develop dead spots in the pith region. These first 
show as a diffuse brown discoloration within the vascular ring at 
stem end 


Ei.kmext 

Dt IK’ I ENT 


Calcium 


B. Terminal bud remains alive; chlorosis of newer leaves, with or without 

spots of dead tissue; veins light or dark green. 

C. Young leaves show loss of turgor and remain permanently wilted. Ter- 
minal bud tends to droop when flower buds are developing, espe- 
cially if shortage is marked. Drying of leaflet tips occurs in ad- 
vanced stage. No pronounced chlorosis develops. 

C. A slight uniform chlorosis first develops in the young leaves. Tips 
and margins maintain green color longest. Principal veins retain 
normal green color. Affected tissue gradually becomes pale yellow. 
Foliage becomes white in extreme cases. No dead spots in evidence. 

C. Areas lighter green than normal first developed between veins of leaves 
and in tops of stems. These areas may become yellow to white. 
Numerous small brown patches develop which in time become 
more extensive. Lower leaves least affected. Mild shortage 
causes only slight chlorosis, chiefly confined to upper parts of 
the stem, and no dead spots develop 

C. Symptoms develop slowly. A general yellowing of the leaves and 
veins occurs similar to that in nitrogen deficiency without leaves 
drying up. Growth of the plant is materially checked. Some 
spotting of the leaves occurs if shortage is acute or prolonged. 


Copper 


Manganese 


Sulfur 
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Courtesy of U . S. Department oj Agriculture 


Plate 2 . — Potato plants showing phosphorus-deficiency symptoms. Left, critical stage resulting 
from extremely low phosphorus supply. Terminal growth has stopped; plant did not recover 
when phosphorus supply was increased. Right, incipient stage showing stunted growth, dark 
green foliage, and cupping of lower leaves with some tip-burn. This plant recovered when 

phosphorus supply was increased. 



V; 






•Hi v' 










■■ 






y . T'.V 
* 






V’ 


i/ri • * ^ ‘ 

H.. ■ - . 

* VM' 



•>’- '■ i" , • ~'- 


K 





V'- 


lV ' ' ^ i* 




Courtesy of Alaine Agrieultural Experiment 

Plate 2. — Left, normal growth of potatoes that received 2,000 pounds of 4-8-8 fertilizer. 
potatoes sfiow'ing phosphorus-deficiency symptoms ; they received the same amounts of 
and potash, hut no phosphoric acid. These plants are darker green in color and 
the foliage is crinkly, and the leaflets fail to expand normally. Grow’th continues beyon 

iinrmnl fJmp /'if 
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of Virginia Truck Exf>cnmcnt Station 

Flate f.— A deficiency of potassium in the potato plant retards growth and reduces the size 
of leaves, which lose their smooth surface, becoming crinkled and curved downward. In the 
early stage the plant takes on a dark-green color. Later the leaves develop a characteristic 
bronzing and yellowing, which, starting from the tip and edge, gradually involves the entire leaf 


[ 131 ] 



Courtesy of Virginia Truck Experiment Station and Bureau of Plant Industry. Soils and Agricultural , 

U. S. Department oj Agrtculiurt 

Plate 5 . — Magnesium deficiency as it affects the potato. Four stages, including (1) norinfl 
leaf; (2) first symptom at tip of terminal leaflet; (3 and 4) advancing stages. Loss of 
and “firing” of foliage are prominent symptoms. Foliage is characteristically brittle m advan 

stages. 
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Courtesy of J. A. Chucka and S, M, Raleigh, Maine Agricultural Experiment Station 

Plate 6, Calcium deficiency (right) produces a light-green band along the margins of the 
young leaves of the potato plant and causes the terminal bud to cease to function, giving a 
rosetted effect. In serious cases the terminal bud dies and subsequent growth is from the sides. 

Normal plant at left. 



Courtesy of /. W. Shive, New Jersey Agricultural Experimen^tat!^ 
note /.—Right, potato plant lacking boron in its diet. Leaves thicken and the mardin<j r^ll 
upward The mam characteristic is death of the terminal bud. Some chlorosis develops and 
petioles become brittle. Leaf points and margins die prematurely. Left, terminal drowih 

this plant was completely arrested by boron deficiency, ^ 
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Courtesy of J . \V. Shive, New Jersey ARricultural Experiment Station 


Plate 8 , — Normal potato plant at the ri^ht. The plant at the left did not receive manganese, 
and the results of the deficiency are clearly shown. Light-green color developing in the inter* 

veinal tissue is the first symptom. 



Courtesy of J. W, Shive, New Jersey Agriculturat Experiment Stattoti 


Plate 9 . — The final stage of manganese deficiency is shown in the potato leaf on the left, w ic 

is practically devoid of chlorophyll. Normal potato leaf on right. 
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CHAPTER V 


Plant 'Nutrient Deficiency Symptoms 

in Cotton 

By H. P. Cooper and Leroy Donald * 


’’HE climatic conditions and soil materials existing in the South- 
eastern States have resulted in the development of soil com- 
plexes which give marked responses to applications of fertilizer. 
This has been an important determining factor in the many changes 
and drastic readjustments that have occurred in the agricultural 
pattern of the southeastern region. The virgin soils were capable of 
supporting a more or less diversified, self-sufficient type of agricul- 
ture. As long as suitable virgin land was available for clearing, the 
farm soils were abandoned when they became depleted and were 
allowed to return to trees. The lack of any more available areas of 
virgin soil finally forced farmers to use more chemical fertilizers. 
In addition to adjusting agriculture to depleted soils, it was neces- 
sary to meet the competition of other agricultural regions and also 
to develop a satisfactory economic and social system. 

The agricultural systems in the Southeast during various periods 
have depended primarily on a single cash crop suitable for culti- 
vation on an extensive scale and with relatively high value per acre 
—such as tobacco, rice or cotton — or a small number of such crops 
at one time. This in itself has tended to bring about serious deple- 
tion of soil resources and to increase the necessity for using chemical 
fertilizers. The cash crops used, in turn, had to produce sufficient 
income to purchase the fertilizer necessary to maintain the produc- 
tivity of the soil. The use of relatively large amounts of chemical 
fertilizers on crops of high acreage value is widespread and is un- 
doubtedly a sound economic practice. Large quantities may be used 
before reaching the point of diminishing returns. 

The six Southeastern States from North Carolina to Mississippi 
have used approximately 50 percent of the fertilizer consumed in 
the United States. The cotton crop receives a very large proportion 
of this fertilizer. Prior to 1930, approximately 30 percent of the 
total tonnage of fertilizers used in the United States was used in the 
production of cotton. Reduction in the cotton acreage during the 
following decade decreased the amount to about 20 percent of the 
total tonnage. In more recent years, a further decrease has occurred 
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With the result that only about 10 percent of the fertilizer consumed 
domestically today is being applied on cotton. No doubt this last 
and rather substantial reduction in percentage of the total tonnage 
ot fertilizers used on cotton can be attributed to the expanded use 
of fertmzers on food and feed crops resulting from the impetus of 
war. Cotton is today in fourth-place position, being preceded by 
corn, small grains and vegetables in the order mentioned. 

complete fertilizers is more general in the southeastern 
than in the w^estern section of the Cotton Belt. The better alluvial 
e ta soils such as in the Red and Mississippi river valleys usually 
receive only nitrogen in the fertilizer program. Good response is 
usua y obtained, however, from applications of both nitrogen and 

minerals on upland soils generally, as well as on bottom land soils 
adjacent to the smaller streams. 

RESPONSES OF COTTON TO FERTILIZERS 

Botanically, cotton is a perennial plant, but it is grown as an 
annua crop in the main cotton-producing sections of this country. 
The plant has an indefinite growth period and is considered a long- 
season crop. Thus it is possible to study the appearance and extent 
of deficiency symptoms over a considerable period. 

The deficiency symptoms usually described in the cotton plant 
are those commonly corrected by the addition of certain fertilizer 
materials. Growth response is usually attributed to a particular 
nutrient added to the soil. However, as most of the fertilizers ordi- 
y used contain a large number of nutrients as impurities, it is 
difficult to distinguish their effects clearly. Since there has been only 
a very limited amount of carefully controlled experimental work 
with nutrient cultures in the case of cotton, it may not be possible 
to state definitely that a particular symptom in the cotton plant 
results from the lack of a particular nutrient. Investigators may 
differ widely in their interpretation of the cause of a certain symp- 
tom. Because of the limitations of the experimental information 
available,^ it seems best at present to relate the deficiency symptoms 

observed in cotton to the fertilizer materials that correct them rather 
than to single elements. 

It is also often impossible to differentiate between symptoms re- 
sulting from a lack of available nutrients in the soil and those due 
to diseases and insect pests. Even when there is an abundance of 
available nutrients, their absorption or utilization may be affected 
by injuries to plants caused by diseases or insects, and deficiency 
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symptoms may appear. Such situations may lead to much confusion 
in interpreting experimental results unless all the factors involved 
are carefully considered. 

Deficiencies of potassium and possibly of sulfur are most likely 
to occur during relatively dry growing seasons, whereas deficiencies 
of magnesium and manganese are more frequent during relatively 
wet growing seasons. Some important potassium and sulfur com- 
pounds are only slightly soluble in the soil solution, and there may 
not be sufficient amounts of these nutrients available when the 
season is dry. Certain magnesium and manganese compounds, on 
the other hand, are highly soluble and may be readily leached from 
the soil. This is true, for example, of magnesium nitrate, magnesium 
chloride, and magnesium sulfate. Magnesium-deficiency symptoms 
are particularly likely to occur in wet seasons if large amounts of 
nitrates, chlorides or sulfates have been added to the soil in fertilizers. 

The soil reaction also may be an important factor. The solubility 
of potassium, manganese, iron and boron may be decreased by the 
addition of large amounts of liming material to the soil to decrease 
acidity. The strongly acid, highly leached, gray sandy loam soils of 
the South Atlantic Coastal Plain are often very low in manganese, 
iron and boron, and the availability of these nutrients may be re- 
duced by the use of lime, resulting in deficiency symptoms in the 
plants. 

The rate of growth of cotton may be another important factor in 
nutrient deficiencies. With slow growth, soil nutrients may dissolve 
fast enough to meet the needs of the plants and prevent marked 
deficiencies. Slow-growing plants in pot cultures in the greenhouse 
in winter may not show deficiency symptoms, whereas plants grown 
on the same soil in the field may show marked symptoms. Yield 
per acre has a similar effect. The rate at which nutrients become 
available may be adequate for small yields. This is very often true 
with potash. Where the yields are low, there may be little response 
from the use of potash in the fertilizer, but where they are high, the 
response may be marked. 

THE SIGNIFICANCE OF SOLUBILITY OF CERTAIN NUTRIENT 

COMPOUNDS 

The chemical composition of plants is such that the strength of 
ions may be of greater significance in determining the absorption of 
nutrients than is the concentration of ions (6-14).^ However, since 

"All of the selected references are not cited in the body of the text. Only those dealing 
with specific aspects of the nutrition of cotton are cited. 
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the concentration of the different ions in the solution may affect the 
intensity of nutrients absorbed by plants, consideration should be 
given to the relative solubility of different nutrient compounds. 

The data in table 1, reported by Hodgman (20), show a wide 
variation in the solubility of the common nutrient compounds. The 
low solubility of many of the calcium compounds may be a reason 
why many of our high calcium soils are classified as among the most 
productive. With the exception of calcium nitrate and calcium 
chloride, practically all calcium compounds are rather insoluble, and 

Table i. — solubility* of certain nutrient compounds in grams of anhy- 
dride PER 100 GM. COLD WATER TEMPERATURE AROUND 30° OR 0°C., AS INDICATED 


Ion 

//CO 3 

ro3 


OH 

SiOi 

POa 

HPOa 

HiPOx 

504 

iVO.i 

Ci 

K 

22.4 

112.0 

33 . 0 

97.0® 

s. 

sl.s. 

V < 

33.0 

12.0 

31 .6 

34.7 

Na .... 

6 . 9® 

7 . 1 ° 

3.7 

109.0 

s. 

28.3 

21 .9 

110.3 

1 9 . 5® 

73 . 0® 

3.v7° 

XH.,. . . 

11.9® 

100.0 

4.0 

42.0 



^2,9® 

12. T 

70 . 60° 

118.3° 

29.7° 

Ca 

t » ^ ■ if ■ 

0.0014 

0.00067 

0.185® 

0.0095 

0.002 

0.02 

1 .8 

0 . 298 

102.0° 

59 . 5° 

Mg.... 


0.0106 

0.07 ' 

0.0009 


0.02 

0.31 


26.0® 

42.33 

35.3 

.Al 



4 

1 

0.0001520 

sLs. 

* 

1 



31.3 

63.7 

69. 9'^ 

Mn 


0.0065 

0.03 

0 . 0002 

1 




52.0 

426.4° 

62.2 

Zn 


0.001 

0.C0079 

O.C0000026 

■- 

I 

# 

1 

* 

I 

i 

86. 5«' 

327.3'" 

432 0 

Fe 


O.OC67 

0.022 

0. 00067 





1 5 . 65 

83 . 5 1 

64.4 

Co 


j 

i 

0.00032 


* 

1 



36.2 

133.8® 

45.0' 

Cu . - , . 


i- 

1 

0.0025 

m 

1 


* 

1 

ft 

I 

■ 

j 

0 

■ 

137.8® 

70.6® 


*s=soliible. v = very, sl = sliglitly, i = insoluble. 


this insolubility is responsible for accumulation of many insoluble 
calcium compounds in the soil. The high calcium content in the 
cotton plant indicates that an adequate supply of available calcium 
in the soil is needed to secure maximum yield responses from fer- 
tilizer applied to this crop. 

Likewise, the high solubility of potassium and sodium carbonates 
indicates a need for adequate potassium or for a combination of 
potassium and sodium which will help maintain a supply of carbon 
dioxide for the synthesis of the highly carbonaceous cotton crop. 
The solubility values suggest that some of the micro-metallic nu- 
trients must be present in the soil in such compounds as sulfates, 
chlorides and nitrates in order to be readily available to many plants. 

THE WIDE SOIL AD.'\PT.\TION OF THE COTTON PLANT 

The cotton plant has a wide climatic adaptation ranging from 
tropical to temperate climates, and it is grown successfully over a 
very wide range of soil conditions. 

The cotton plant is highly tolerant to dry-climate, alkali pedoca 
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soils (whose profile contains a zone of calcium carbonate accumu- 
lation j and to humid-climate, highly acid pedalfer soils (showing 
no accumulation of calcium carbonate). The wheat plant is the 
only other major staple crop plant with a comparable or a wider 
climatic and soil adaptation. The cotton plant apparently has a 
high capacity to synthesize organic-acid compounds, providing a 
possible mechanism to account for the absorption of a relatively 
large quantity of mineral nutrients. The capacity of the plant to 
synthesize organic-acid materials would make possible a wide varia- 
tion in the mineralogical composition of a plant making satisfactory 
growth and production. Some experimental information reported 
by Cooper and Carman (8) suggests that the ratio of alkaline earth 
to the alkali-nutrient elements influences the relative vegetative 
growth and the fruiting habits of the cotton plants. Adequate to 
excessive quantities of calcium in the nutrient medium apparently 
tend to lower the relative vegetative growth and stimulate early and 
abundant fruiting. The nutrient-deficiency symptoms are likely to 
be pronounced on heavily fruited plants. 

Since the mineral composition of the cotton plant is not as defi- 
nitely fixed as that of some other plants, it should be carefully 
studied. 

CHEMICAL COMI’OSITIOX OF THE COTTON PL.ANT 

In considering the nutrient-deficiency symptoms of plants it is 
highly desirable to know something about the chemical composition 
of the crop. It is generally recognized that some plants selectively 
accumulate certain nutrients. The data on the average chemical 
composition of 28 samples of cotton plants and 8 samples of cotton 
seed, representing a wide variety of the soil conditions found in 
South Carolina, are included in table 2. The elements are arranged 
according to the relative strength of ions as measured by electrode 
potentials or discharge potentials of acids on platinum electrodes. 

The content of the different elements indicates that cotton is a 
calcium-accumulating plant. Only a relatively small quantity of 
silicon is absorbed by the cotton plant under the conditions pre- 
v’ailing in this region (6 to 14). Such calcium-accumulating plants 
apparently possess the capacity to synthesize organic-acid complexes 
capable of forming low solubility calcium compounds in the plant. 
Such characteristics probably result in a fairly constant calcium 
content in plants. Since some of the soils in the native habitat of 
the cotton plant may have contained a soil horizon of calcium 
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Table 2. — comparative average chemical composition of 28 cotton plants 

AND 8 COTTON SEED SAMPLES 


The elements are arranged according to relative strength of ions as expresse<l in stamiard 
electrode potentials or discharge potentials of acids on platinum electrcxJes. 


Material 

Ion 

Normal 
filed rode 
Potentials 
in Volts 

Percent Dry Matter 

Percent of K Values 

Plant 

Seed 

Plant 

Seed 

Potassium 

K-" 

-1-2.92 

0 8.?0 

0 129 

KK) 00 

100 on 

Sodium 

Na + 

+ 2 71 

0.4.S0 

0 012 

54 22 

1 06 

(alciuni 

Ca++ 

-1-2.. so 

1 700 

0 077 

204 82 

6 82 

iMagncsium 

Mg++ 

+ 1 .55 

0 4S.? 

0 ^ 65 

54 58 

32 33 

Aluminum .... 


-f 1 30 

0 040 

0 006 

4 82 

0 51 

Manganese . . . 

Mn' + 

+ 1 10 

0 0,«) 

0 001 

61 

0 09 

Iron 

Fe^‘ 

+0 43 

0 056 t 

0 007 

6 75 

0 62 

Silicon 



0 093 

0 on 

11 20 

0 97 

Sulfur 

11 . so, 

- 1 . 69* 

0 280 

0 565 

33 73 

5<i M 

Idiospliorus. . . 

U.PO, 

-1 70* 

0 240 

0 684 

28 92 

(it) 58 

CTiIorine . 

Cl 

-1 36 

0 750 

0 0,^0 

90 36 ' 

3 19 

Nitrogen. 

NO., 

-I 69* 

1 910 

4 040 

230 12 

1 

357 84 


* Discharge potentials on [)latimim elcctnxles. 


carbonate accumulation, it is logical to expect that the cotton plant 
would possess the capacity to tolerate fairly high concentrations of 
calcium ions. The nitrogen, potassium, chlorine, magnesium and 
sodium content of the cotton plant is relatively high. The high 
nutrient content of the cotton plant suggests the desirability of 
adding liberal quantities of a complete fertilizer to many of the 
soils used for the production of cotton. The relatively high content 
of nitrogen, phosphorus and sulfur in the seed indicates the need 
for a liberal available supply of these nutrients in the production 
of high-quality cotton seed. 

EFFECTS OF NITROGEN ON THE GENER.AL GROWTH BEH-WIOR 

OF COTTON 

The framework of a cotton plant normally consists of a mono- 
podial main axis with lateral branches arising from the leaf axils. 
There are two buds in each of the leaf axils, according to Wadleigh. 
one of which is a true axillary bud that can give rise to a vegetative 
secondary axis. The other is an e.xtra a.xillary or lateral bud out of 
which may develop a sympodial fruiting branch. The growth of the 
main axis, and thus the extent to which progressive development of 
lateral vegetative and fruiting branches occurs, as shown by Wad- 
leigh. is conditioned by the nutritional status of the plant. His data 
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indicate that the nitrogen level limits not only the height of the 
cotton plant but also the number and length of both vegetative and 
fruiting branches and, hence, the number of leaves and fruiting 
forms which finally develop. 

Symptoms of nitrogen deficiency manifested themselves early, as 
frequently observed, in the low-nitrogen plants studied by Wad- 
leigh. He described the plants as being stunted, with light-green 
leaves, the blades and petioles of which were reduced in size. By 
contrast, the leaves of plants supplied with adequate nitrogen were 
larger and deep green in color. True intermediates between these 
extremes were realized from each successive increment of nitrogen 
applied. The marked increase in the green and dry weight of plant 
tops with each increment of nitrogen, as determined by Wadleigh, 
reflects this difference in foliage development. A similar difference 
in size and intensity of color has frequently been observed even in 
the cotyledonous or seed leaves which make their appearance well 
in advance of the true leaves. 

Long before initiation of reproductive activity by cotton plants 
grown under low levels of nitrogen, Wadleigh detected a lower pro- 
portion of total nitrogen in their leaves with an approximate corre- 
sponding increase in the proportion of this component in the fruit- 
ing branches. Such a relationship is to be expected when nitrogen 
is limited, as he explained, since it is the inherent tendency for plants 
to supply reproductive organs at the expense of vegetative parts. 
Since nitrogen is a key component of the green pigment or chloro- 
phyll, the color of the leaf grows less intense as the translocation 
of nitrogen reserves to the fruiting forms increases. As the chloro- 
phyll disappears, the yellow pigments normally masked by the green 
become visible and increasingly evident. Disorganization of the 
plant cells which follows is often accompanied by a development of 
red pigments known as anthocyanins. Eventually the leaf turns 
brown and dies, and finally it falls to the ground. The commonly 
observed early change in color within the leaves and succulent stems 
of cotton from green to yellow, to variously tinted shades of red, 
and finally to brown is thereby explained. This premature discolor- 
ation and eventual shedding of leaves is, therefore, directly attribut- 
able to an inadequate level of nitrogen within the cotton plant. 

Under the conditions of his experiment, Wadleigh found that 
plants highly deficient in nitrogen failed to produce any lateral 
vegetative branches. On the other hand, from two to five vegetative 
branches developed on those plants to which he had supplied ade- 
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quate nitrogen. The mechanism was thereby provided for vastly 
accelerated photosynthetic activity, and thus greatly increased car- 
bohydrate production. 

Incident to his investigations, Wadleigh found that plants low 
in nitrogen produced as an average only 12 fruiting branches. In 
marked contrast, an average of 23 fruiting branches developed on 
those plants receiving adequate nitrogen. It is thus evident that 
the magnitude of the fruiting zone of a cotton plant has a definite 
relation to nitrogen supply when other conditions are not limiting. 

In discussing the development of a fruiting branch, Wadleigh 
pointed out that a flower bud, which in reality is a terminal bud, 
normally occurs at each node of a fruiting branch. Further elonga- 
tion of the fruiting branch arises from a lateral bud. Therefore, 
flowering starts on a cotton plant at the primary nodes of the lower- 
most fruiting branches and continues centrifugally and acropetally. 
Depending on the limitation in nitrogen reserves, the probability 
of each successive bloom setting and developing is lowered by the 
nutritional demands of the one originally initiated. Lack of nitro- 
gen nutrition was found by Wadleigh to limit both the total number 
of flowers produced and the extent to which they may occur and 
develop on the outer nodes of a fruiting branch. 

Fruiting charts prepared by Wadleigh reveal that when low- 
nitrogen plants had produced about 20 blossoms as an average, 
with practically no flowers appearing beyond the third node, all 
other young squares dropped. Early abortion of terminal buds of 
fruiting branches followed closely which definitely curbed initiation 
of additional squares. Furthermore, when the low-nitrogen plants 
had set about five bolls as an average, all other young bolls fell off- 
Plants grown at the highest level of nitrogen studied in his experi- 
ment, however, produced nearly three times as many blossoms and 
set more than four times as many bolls. Wadleigh further found 
that 90 percent of the bolls which did set on plants highly deficient 
in nitrogen occurred at the primary nodes, whereas only 50 percent 
were so located on plants which had received adequate nitrogen. 

It thus appears that the abscission process in the cotton plant 
acts as a “safety valve,” in that all fruiting forms are shed which 
cannot be adequately developed at the obtaining level of metabolism 
of the plant. It is interesting to note in Wadleigh’s data, however, 
that 60 to 70 percent of all blossoms produced by cotton plants, 
regardless of the level of nitrogen nutrition studied, are shed. This 
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is consistent with the usual observation that cotton naturally pro- 
duces many more flowers than it can mature into fruit. 

Wadleigh also found that nitrogen nutrition exerts a determinative 
effect as to which fruiting branches bear the major portion of the 
flowers and set bolls. He determined that 70 percent of the bolls 
set on nitrogen-deficient plants were carried on the first five fruiting 
branches which bore 98 percent of the blossoms. In effect, the 
nitrogen-deficient plants produced only a “bottom” crop of bolls. 
On bolstering the nitrogenous reserve of the plant, however, an 
increasing productiveness of the upper branches resulted. Some 
bolls, for instance, were set above the twentieth fruiting branch of 
plants supplied with adequate nitrogen, which resulted in the pro- 
duction of a “top,” “middle” and “bottom” crop of bolls. In the 
light of these investigations, Wadleigh stated that fruiting behavior 
in the cotton plant is definitely a function of the amount and quality 
of food reserves rather than of water supply to which some investi- 
gators have attributed the shedding of fruiting forms. 

The further deduction may be made from Wadleigh’s results that 
there is no significant difference in the number of seeds initiated 
in bolls of plants low or high in nitrogen. In plants deprived of 
adequate nitrogen, however, a marked decrease in the number of 
seeds which developed per boll, with a resulting increase in the 
number of motes or aborted embryos, occurred as the fruiting season 
progressed. The trend was converse in plants which received ade- 
quate nitrogen. Embryo abortion obviously limits weight of seeds 
and hence conditions boll size. Wadleigh thus reported that nitrogen 
nutrition tended to increase boll size. 

Wadleigh also found that the average weight of the individual 
seeds tended to increase with an increase in level of nitrogen nutri- 
tion, accompanied by a marked increase in protein content. Seeds 
produced by low-nitrogen plants were found to be only 17.6 percent 
protein, whereas seeds from high-nitrogen plants contained 27.0 
percent protein. The oil content, as determined by Wadleigh, was 
29.2 percent in seed from plants inadequately supplied with nitrogen 
as compared to 24.1 percent in seed from plants receiving adequate 
nitrogen. An increase in both number and size of bolls resulting 

from adequate nitrogen, however, should result in more total oil 
being produced per acre. 

The lint percentage, according to Wadleigh’s observations, tended 
to decrease with an increase in nitrogen supply to the plants. He 

ascertained by several different criteria of measurement, however. 

' > 
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that the length of the lint showed a slight trend to increase with 
an increase in the level of nitrogen. 

The aforementioned findings led Wadleigh to conclude that a 
definite relationship exists between growth of cotton plants, as 
indicated by vegetative vigor, and yield of lint and seed. This 
expected relationship, he further concluded, is frequently disturbed 
by the ravages of insects and diseases. Yet the fact remains that 
small, stunted plants cannot produce a bumper crop. 

Based on the foregoing facts established through research con- 
ducted by \\ adleigh and other investigators, as well as frequent 
held observations which corroborate their findings, the readily dis- 
cernible symptoms of nitrogen deficiency in cotton may be sum- 
marized as follows: 

1. doling leaves pale, yellowish green in color, fading with age first to hues 
of yellow, then often to v'ariously tinted shades of red, and finally to brown 
as they dry up and are prematurely shed. 

2. Individual leaves reduced in both number and size of blade and petiole, 
as well as intensity of color. 

3. Plants short and stunted, resulting from an early termination in growth 
of the main a.\is or primary stem. 

4. .A scarcity or complete absence of lateral vegetative branches. 

5. Fruiting branches few and short, resulting from cessation of apical growth 
which usually follows the setting of their first bolls. 

6. Mowers reduced in number, followed by a sparse setting of bolls confined 
u.sually to the first nodes of the lowermost fruiting branches. 

DEFICIENCY SYMPTOMS IN COTTON 

The capacity of the plant to accumulate calcium, to s3mthesize 
acid-organic compounds and to develop an extensive tap-root system 
may partially account for the lack of widespread deficiencies of 
metallic micronutrients. This intensifies the requirement for alkali 
metals, such as potassium and sodium, or ammonium, and enables 
the plant to maintain a supply of available carbonate ions necessary 
in the production of a high-yielding carbonaceous fiber crop. 

Deficiency symptoms in cotton will be described in the succeeding 
pages. A brief key to symptoms is given at the end of the chapter. 
In both the descriptions of symptoms and the key, the limitations 
already described should be kept in mind. Following the descrip- 
tions of symptoms, some important aspects of the relationship of 
soil characteristics and plant composition to nutritional deficiencies 
and the fertilizer needs of the cotton plant will be discussed. 
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Nitrogen 

Nitrogen-deficiency symptoms in cotton are characterized by 
relatively meager growth and yellowish-green color of foliage. The 
older leaves are the most severely affected, as is shown by the fact 
that the lower leaves dry up and are prematurely shed. The typical 
growth response of cotton to an application of 600 pounds per acre 



Courtesy of Alabama Agricultural Experiment Station 

Figure J— Normal cotton plant showing growth produced when fertilized with 600 pounds 

of 6-10-4 per acre. 


of a 6-10-4 fertilizer on Hartsells sandy loam at the Sand Mountain 

Agricultural Experiment Station in Alabama is shown in figure 1. 

Figure 2 shows a plant suffering from nitrogen deficiency, grown in 

soil to which was added 600 pounds per acre of 0-10-4 fertilizer 
(no nitrogen). 
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Courtesy of Aiahama A^rieutt urnt Expt riw* nt Statiou 

Figure 2 , — Effect of nitrogen deficiency on 
growth of cotton. This small, yellowish-green 
plant was grown on a plot receiving 600 
pounds per acre of 0-10-4 fertilizer. 


The yellowish green leaf color 
resulting from a deficiency of 
nitrogen is illustrated in plate 1 . 
page 165. 

Most of the cotton soils in 
the Southeastern States are rela- 
tively low in nitrogen, and it 
is necessary to utilize fertilizer 
nitrogen to secure optimum pro- 
duction. It is a common custom 
to make two applications of ni- 
trogen to the cotton crop. A 
complete fertilizer containing 3 
to 5 percent of nitrogen is ap- 
plied before or at the time of 
planting and a side application 
of nitrogen is added about the 
time of the first cultivation. 


Such a program requires more labor in applying the nitrogen, but 
it prevents the possibility of a large loss of soluble nitrogen in the 
drainage water. The two applications of nitrogen provide a more 
uniform supply of available nitrogen to the plant and tend to 
reduce the intensity of the nitrogen-deficiency symptoms. 


Phosphorus 

Phosphorus is usually the limiting nutrient in virgin cotton soils 
of humid climates. The symptoms of phosphorus deficiency m 
cotton are not so pronounced as those caused by a lack of nitrogen. 
The most outstanding are a dark-green color of the foliage and a 
generally dwarfed type of plant. The dwarfed plant shown W 
figure 3 was grown at the Sand Mountain Station on HartselB 
sandy loam to which 600 pounds per acre of 6-0-4 fertilizer wWB 
added. The dark-green color of an individual leaf is illustrated m 
plate 1 and in plate 3, pages 165. 166. Figure 4 shows the fieW 
condition of phosphorus-deficient plants grown in Orangeburg fine 
sandy loam at the South Carolina Agricultural Experiment Station. 
It is clear from figure 4 that a deficiency of phosphorus r^ults in 
delayed fruiting and maturity — a very serious problem where boll- 

weevil damage is likely to be heavy. 

Phosphorus is applied to most of the upland soils in the Sonth* 
eastern States. The relatively low pH value in many of the soils 
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indicates soil complexes most 
likely to lock up large quan- 
tities of phosphorus in insoluble 
compounds, and significantly 
decreases the availability to 
plants of added phosphorus. At 
favorable pH values for opti- 
mum growth of cotton the 
added phosphorus is likely to 
remain in more readily avail- 
able combinations. The greater 
efficiency in the use of phos- 
phorus at favorable soil pH 
value may significantly lower 
the degree of the phosphorus- 
deficiency symptoms in cotton 
grown on soils relatively low in 



Courtesy oj Alabama Agrirultural Experiment Station 

Figure 3 . — Effect of phosphorus deficiency on 
growth of cotton. This small dark-green plant 


was grown on a plot receiving 600 pounds pei 

acre of a 6-0-4 fertilizer. 


available phosphorus. The cal- 
cium content of the superphos- 
phate commonly utilized in cotton fertilizer may be an importani 
constituent in determining the growth and production of the plant 



figure — Effect of phosphorus deficiency on maturity of cotton. Plot at left received 

4-0-4 fertilizer and shows typical late maturity. Plot at right received 4-8-2 fertilizer. 
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Potassium 

The capacity of the cotton plant to accumulate calcium and 
synthesize organic-acid compounds may tend to buffer or lower 
the degree of absorption of carbon dioxide and very probably tends 
to intensify the need for potassium to maintain an adequate supply 
of soluble carbonate ions. These ions are necessary in the synthesis 
of constituents required in the production of cotton fibers. 



Figure 5 . — Cotton showing potassium-deficiency symptoms. Plot at right received no 
potash. The leaves shed prematurely and the bolls are dwarfed. Plot at left received 

a complete fertilizer. 


The symptoms in cotton associated with a lack of potash (potas- 
sium) in the fertilizer may be very pronounced. The problem has 
been given much study. A lack of potassium often results in a 
striking malnutritional symptom commonly called “cotton rust or 
“potash hunger.” Typical symptoms in the cotton leaf are illus- 
trated in plate 4, page 167. The first symptom in the leaf is a 
yellowish-white mottling. The leaf changes to light yellowish green, 
and yellow spots appear between the veins. The centers of these 
spots die, and numerous brown specks occur at the tip, around the 
margin, and between the veins. The tip and the margin of the leaf 
break down first and curl downward. As the physiological break- 
down progresses, the whole leaf finally becomes reddish brown in 
color, dries, and is shed prematurely. The premature shedding of 
leaves prevents the proper development of bolls, which are dwarfed 
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and immature. Figure 5 and plates 5 and 6, pages 167, 168, illus- 
trate both leaf and boll conditions in plants grown on Orangeburg 
fine sandy loam soil at the South Carolina Experiment Station. 
Many of the bolls fail to open and the fiber is of poor quality. 

Potash-deficiency symptoms are most likely to occur on heavily 
fruited plants with limited vegetative growth produced on soils with 
an abundant supply of calcium. The data in tables 3 and 4 show 
that there is a definite interrelation among potassium, sodium and 
calcium in the nutrition of plants. The addition of sodium to the 
nutrient medium seems partially to alleviate the potash deficiency 
symptoms. The addition of sodium to fertilizer in soils low in 
potassium significantly increases the yield of cotton. 

The increased use of limestone in the Southeastern States has 
very probably significantly increased the intensity of the potash- 
deficiency symptoms in cotton. This may be partially due to the 
lowering of the availability of the soil potassium through the forma- 
tion of low solubility compounds, and partially due to the increased 
quantity of calcium absorbed which increases the requirement of 
potassium for optimum production. Because of the high solubility 
of potassium tetraborate, the use of potash fertilizers may increase 
the availability of boron in soil to which calcium carbonate has been 
added. 

Sodium 

There are no specific sodium-deficiency symptoms for field-grown 
cotton plants. It is well known that sodium in a nutrient medium 
relatively low in available potassium will significantly increase the 
yield of cotton. The capacity of the cotton plant to utilize sodium 
probably accounts in part for the increase in yields secured from 
the use of fertilizers containing this element. The growth response 
from applying to the soil the equivalent of approximately 100 
pounds of sodium oxide on Norfolk loamy sand at the South Caro- 
lina Sandhill Experiment Station is illustrated in figure 6. Where 
no potash was applied in the fertilizer there was a significant growth 
response from the sodium. The effect of sodium included in a 
fertilizer on the yield of seed cotton is shown in table 3. Where 
no potassium was applied there was a 70 percent increase in seed 
cotton yields from the addition of sodium. With increasing quan- 
tities of potash there was a decrease in the response to additions of 
sodium; with the 60-pound application of potash there was only a 
IS percent increase in the yield of seed cotton from the addition 
of sodium. 
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The milliequivalent content of calcium, potassium and sodium 
in cotton plants is included in table 4. There was a fairly constant 
total cation content at the different levels of potash applications. 
The addition of sodium had very little influence upon the potassium 



SODIUM .APPLIED SODIUM 

Figure 6. Growth response of the cotton plant to sodium from sodium nitrate as the source 
of nitrogen in^ a 600-pound-per-acre application of a 7.5-10-0 fertilizer analysis. Plot on 
the left received sodium and plot on the right did not receive sodium in the fertilizer. 

Table 3. ten years’ average increase in yields in pounds of seed cotton 

PER acre from the ADDITIONS OF SODIUM IN THE FORM OF SODIUM NITRATE 

All plats received the equivalent of 600 pounds per acre of 7.5—10—0 fertilizer in addition 

to the potassium and sodium combinations which contained the equivalent of 100 pounds 
per acre of sodium oxide. 


Poufjds of potash per acre, 
with and without sodium 

Yields of 
seed cotton, 
pounds per 
acre 

Increase for sodium 

Increase in yield over 
plot not receiving 
potassium or sodium 

Pounds 

Percent 

Pounds 

Percent 

Xo potash ; 






No sodium 

306 





Sod i u m 

521 

215 

70 

215 

70 

15 pounds potash: 






N o sod i u m 

742 



436 

143 

Sod i 1 1 m 

943 

201 

27 

637 1 

208 

45 pounds potash: 






Xo sodium 

1 . 093 



787 

257 

.Sodium . . 

1,280 

187 

17 

974 

318 

60 pounds potash: 






No soflium 

1,201 



805 

203 

Sodium 

1 . 383 

182 

15 

1,077 

352 
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TaBLP: 4. — THREE YEARS' AVERAGE MILLIEQUIVALENT CONTENT OF CALCIUM, 
POTASSIUM AND SODIUM PER 100 GRAMS OF AIR-DRIED COTTON-PLANT MATERIAL 
GROWN AT DIFFERENT LEVELS OF POTASH FERTILIZATION ON PLATS RECEIVING 
EITHER SODIUM NITRATE OR AMMONIUM NITRATE WITH LIME AS A SOURCE OF 

NITROGEN 


All plats received the equivalent of 600 pounds per acre of 7.5-10-Tj fertilizer in addition 
to the [)otassium and soctium combinations which contained the equivalent of 100 tKjunfls 
of Mjdiuin oxide per acre. 



Three- Year Average M. E. per !()(> Grams 

of Plant Material 

Ave. M. E. 
Ratio 

Ca/K + Na 

Treatment 

Calcium 

Potas- 

sium 

Sodium 

% 

Increase 

in 

Sodi urn 

Total 

•No |K>tash: 

Animoniiim nitrate 
with lime 

70 . 00 

10.6.^ 

1 .42 


01 05 

3 32 

S<j<Jium nitrate 

60 00 

17.43 

11 27 

604 

88 . 70 

2 09 

15 |Mjiind.s (KHash: 
Aminoniiiin nitrate 1 
with lime 

74 67 

11 47 

1 12 


08 26 

3 16 

Scxlium nitrate. . , . 

f>4 50 

21 07 

11 01 

88.1 

67.48 

1 . 06 

45 ixninds potash: 
Ammonium nitrate 
with lime 

76 

.41 .(K) 

1 20 

• • T 

108.62 

2.. 16 

Sfxlium nitrate 

64J 8.) 

32 57 

10 75 

733 

104 15 

1 .40 

60 p4junds potash: 
Ammonium nitrate 
with lime 

74 83 

35 57 

1 60 


112 tW 

2 01 

Sjdium nitrate. . . . 

57 67 

36 73 

>) 65 

1 

471 

104 05 

1 24 


absorbed, but there was a significant reduction in the calcium content 
of the plant. The effect of sodium on the production of cotton 
should be considered in connection with the relative quantities of 
calcium and potassium available to plants. The ratio of calcium 
to potassium plus sodium should not be greater than one to two for 
optimum production under the conditions of these experiments. 

According to solubility values, potassium should be much more 
efficient than sorlium in maintaining a soluble supply of carbonates 
available for photosynthesis. Large increases in the production of 
cotton from the additions of sodium would be expected onlv <>u 
soils deficient in potassium. 
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Calcium 

There are no specific calcium-deficiency symptoms for field-grown 
cotton plants. However, it is evident that the available supply of 
calcium in the soil has a very significant effect upon the vegetative 
growth and fruiting habits of the crop. A low supply of calcium 
may result in the production of relatively large plants and compara- 
tively few fruit buds. In comparison, an abundant supply of calcium 
may result in the production of a relatively small plant and stimulate 
early and abundant fruiting. Three-week-old cotton seedling plants 
showing calcium deficiency symptoms are illustrated in figure 7. 
These plants were grown in a complete nutrient solution containing 
8 parts per million of calcium. Note the bending of the petioles 



Courtesy of John T. Presley, Mississippi Agruultural Experiment Station 


F 7 . — Three 

weeks old green- 
house seedling cot- 
ton plants grown in 
complete nut ri e n t 
solution low in cal- 
cium (S p.p.nri ^- 
Note the bending 
and the collapse of 
the leaf petioles. 
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and the beginning of the collapse of the entire leaf petiole. These 
symptoms are also found in the cotyledons and true leaf petioles. 

Calcium-deficiency symptoms on older leaf petioles are shown 
in figure 8. Note the characteristic bending and the collapse of the 
leaf petioles. These pictures suggest the fate of a large proportion 
of the seedling cotton plants growing on acid soils low in available 
calcium, particularly during cool, wet, unfavorable growing seasons. 




Courtesy of IT. H. Tharp — USDA-BPISAE — Cotton Division 

Figure 8. — Calcium deficiency leaf symptoms of 45-day-old cotton plant grown in nutrient 
solution low in calcium (2.71 p.p.m.). Note the bending and collapse of the affected leaf 

petioles. 


The calcium content of cotton seed is very low. It has been sug- 
gested that the intensity of the energy available to seedling plants 
from respiration may not be sufficient readily to assimilate phos- 
phorus in the form of calcium phosphate. Therefore a large amount 
of calcium is not accumulated in the seed. However, as soon as the 
seedling cotton plants emerge from the ground and are capable of 
utilizing the energy of the sunlight, which contains a higher quality 
of energy than is commonly available in respiration processes, there 
is need for an abundant supply of calcium (9 to 14). The loss of 
a stand from the dying of cotton seedling plants during cool, wet 
seasons may be definitely related to an inadequate supply of avail- 
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able calcium. The phylogenetic calcium-tolerance mechanism may 
result in the synthesizing by seedling plants of organic-acid com- 
pounds which have to be partially neutralized to produce the most 
vigorous growth. 

Since the cotton plant is a calcium-accumulator plant, there may 
be considerable variation in the calcium content of the plant without 
a significant effect upon growth and yield. As the total quantity 
of calcium absorbed by the plant may be significantly affected by 
the capacity of the plant to synthesize organic-acid compounds, 
there may be a fairly uniform calcium content in plants grown on 
soils differing widely in calcium content. 

The milliequivalent potassium, sodium and calcium contents in 
the mature cotton plant, shown in table 4, suggest that there is a 
relation between the ratio of the calcium and the potassium plus 
the sodium content of the cotton plant. These data suggest that 
for optimum yields under the conditions of the e.xperiment con- 
sidered, the calcium should not be more than one to two times the 
sum of the potassium plus the sodium (8). 


Magnesium 

The characteristic magnesium-deficiency symptom in cotton is a 
purplish-red leaf with green veins. Late in the season it is some- 
times difficult to distinguish between the color due to magnesium 
deficiency and that due to aging or maturity, though the latter is 
apt to be orange red rather than purplish red. ^Magnesium-deU- 
ciency symptoms appear first on the lower leaves as is shown in 
plate 7, page 169, and figures 9 and 10. The leaves are shed pre- 
maturely. This checks the growth of the plant and results in low 
production. The typical purplish-red leaves and the premature 

shedding of the foliage are illustrated in plate 8, page 169. 

Magnesium-deficiency symptoms in cotton are most frequent m 

the southeastern part of the United States, including most of the 
Coastal Plain, some of the Piedmont, the Ozark plateaus, and the 
southern end of the Appalachian Plateau. The most marked mag- 
nesium-deficiency symptoms occur on the strongly leached, high > 
acid yellow podzolic soils. IMagnesium deficiency is much less fre- 
quent and serious on the red podzolic soils. The red podzolic sor> 
usually contain considerable quantities of magnesium which ma> 
become available to a long-growing-season crop like cotton. ^ 
kinds and quantities of fertilizers added to the soil often haveji 
very significant effect upon the occurrence and the e.xtent ot mag- 


PLANT-NUTRIENT DEFICIENCY SYMPTOMS IN COTTON 155 


nesium-deficiency symptoms in cotton. This is illustrated in table 5, 
showing the relation between the magnesium-deficiency symptoms 
in cotton plants and the source of nitrogen in the fertilizer. The 
percentage of the red leaves showing magnesium-deficiency symp- 



Figure 9. — Magnesium-dclicient leaf at right; normal leaf at left. 



Courtay oj J. E. McMurlrcy, Jr., i'. S. Dcptirtmvnt oj Agrh uUurc 

Figure 10 . — Cotton plants illustrating magnesium-deficiency symptoms. Note that lower 

leaves arc affected first and arc shed prematurely. 
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toms in cotton is very probably related to the solubility of the 
magnesium compound and the removal of magnesium in the drain- 
age. Where ammonium phosphate was used as the source of nitro- 
gen only 3 percent of the leaves showed magnesium-deficiency 
symptoms. (See table 5.) This is ascribed to the formation of 

Table 5. — relation between magnesium-deficiency symptoms in cotton 

PLANTS and the SOURCE OF NITROGEN FERTILIZER ON NORFOLK SAND AT THE 

SOUTH CAROLINA SANDHILL EXPERIMENT STATION 


Red Magnesium -Deficient Leaves 

on Plants 

Source of Nitrogen August 11 


Sodium nitrate 

Ammonium nitrate plus lime 

Ammonium sulfate 

Calcium cyanamide 

Urea 

Ammoniated superphosphate 

Ammonium phosphate 

Ammonium sulfate plus basic slag 


Percent 

. 28 
. 25 

. 24 

. 24 

20 
18 
3 
1 


magnesium ammonium phosphate, the slight solubility of which 
prevents the leaching of large quantities of magnesium from the soil. 

The occurrence of marked magnesium-deficiency symptoms in 
cotton has been almost completely eliminated on soils which have 
received heavy applications of fertilizers containing dolomitic lime- 
stone. Critical magnesium-deficiency symptoms would be expected 
only on soils where large quantities of chloride, nitrate or sulfate 
ions are present. 

Manganese 

Manganese apparently tends to accumulate in the leaves of 
plants. In the absence of adequate quantities of this nutrient, the 
upper or younger leaves are the first to be affected. They become 
yellowish gray or reddish gray in color with green veins. The 
characteristic deficiency symptoms observed in solution cultures 
reported by the New Jersey Agricultural Experiment Station are 
shown in figure 11. Manganese deficiency is not commonly ob- 
served under field conditions except on certain soil types, or where 
large quantities of liming materials have been added to the soil. 
The relatively low solubility of manganese hydroxide indicates how 
the availability of manganese may be significantly lowered through 
liming. 
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Courtesy of New Jersey Agricultural Experiment Station 
Figure 11, — Right, manganese-deficient leaves. Left, normal leaf. 


jManganese-Toxicity Symptoms 

The occurrence of crinkle leaf in cotton due to the presence of 
excessive quantities of water-soluble manganese in the soil has 
been reported by Neal and Lovett (30, 32). The manganese- 
toxicity symptoms are reported as follows: The first noticeable 
feature is the appearance of abnormal leaves. They are puckered, 
mottled, partially chlorotic and variously distorted in early stages, 
with necrotic lesions subsequently appearing along and between the 


Figure 12 . — Crinkle 
leaf or manganese 
toxicity of cotton. 
A, healthy plant. 
B to D show vary- 
ing degree of man- 
g a n e s e toxicity 
s\'mptoms. The 
leaves are puckered, 
mottled, partially 
chlorotic and vari- 
ously distorted. 



Courtesy of D. C. Neal — U. S. Department of Agriculture 
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Figure 14. 


Courtesy oj F. L. Da-h. Louisiana Agricultural Experiment Station 

Effect of sulfur deficiency on growth of cotton. The plot on the right received 

no sullur in the fertilizer. 
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veins. As the plant approaches maturity, they become slightly 
thickened, brittle and ragged at the margins as illustrated in figure 
12. The crinkle-leaf symptoms were prevented by increasing the 
pH value of the soil by an application of lime. More definite 
information concerning the quantities necessary for optimum growth 
and toxic amounts of some of the micronutrients is needed. It is 
very probable that various degrees of manganese toxicity in cotton 
occur on many of the highly acid red podzolic soils. This condition 
seems to be readily controlled by the addition of lime. 

Zinc 

Zinc deficiency in cotton is apparently not very common. Inade- 
quate quantities of this element may result in the leaves becoming 
extremely chlorotic, with areas of dead tissue. The chlorosis re- 
sulting from a deficiency of zinc in water cultures, reported by K. T. 
Holley, is shown in figure 13. The very low solubility of zinc 
hydroxide indicates the possibility of lowering the availability of 
the zinc in certain acid soils through the use of large quantities of 
agricultural lime. It is very difficult to maintain an available supply 



r- 

Courti sy of K. T. Holley, Georgia Agricultural Experiment Stat 

Figure 13 . — Cotton leaf showing zinc-deficiency symptoms. Note extreme chlorotic con 

tion and the darker colored veins. 
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were not present in the fertilizer used in the southeastern section 
of the Cotton Belt, it is very probable that a marked sulfur deficiency 
would occur in many cotton fields. 

Boron 

Boron-deficiency symptoms in the cotton plant first appear in the 
terminal growth. The terminal buds often die, checking linear 
growth and producing dwarfed, many-branched plants such as that 
illustrated in figure 15. The young leaves are yellowish green in 


Figure 


15. — Right, dwarfed, many-branched cotton plant resulting from boron deficiency. 

Left, normal plant. 


color. At a low boron level, flower buds become chlorotic, the bracts 
flare open, and the buds drop from the plants. 

On heavily limed soils the supply of available boron may be 
reduced to a very low level and result in the production of cotton 
plants with few or no buds producing fruit. 

In the future a deficiency of boron may occur in many of the 
soils in the southeastern section of the Cotton Belt. The large 
increase in the quantity of agricultural lime being applied to cotton 
soils will significantly decrease the solubility and the availability 
of boron in the soils. The data in table 6 give the relative solu- 
bilities of several boron compounds. The very low solubility o 
calcium metaborate as compared with the high solubility of potas- 
sium tetraborate may be one of the reasons why increasing the 
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available calcium in the soil decreases the availability of the boron 
in the soil. Likewise, high solubility of potassium tetraborate sug- 
gests that the addition of potassium should increase the availability 
of the boron in the soil, and some of the increases associated with 
potash applications may be the result. 

Since many of the soils in the southeastern section require an 
application of lime to produce optimum yields of cotton, an appli- 
cation of boron to the soils requiring heavy applications of lime- 
stone may be needed. One of the most satisfactory methods of 
adding boron to the soil is including borax in the fertilizer. The 
cost of adding adequate quantities of boron is very low. The 
main problem is determining the quantity of boron that may be 
included in the fertilizer without leading to toxicity. It seems prob- 
able that boron will become one of the most widespread deficient 
micronutrients. 

Table 6. — solubility in grams of anhydride per loo grams of cold water 

AT designated CENTIGRADE TEMPERATURE 


Boric acid ’ H3B03= 5.15-‘ 

Potassium tetraborate K3B4O7. SH>0 = 26.70™ 

Ammonium tetraborate (NH 4 )-.B 407 . 4 H20 = 7.27'* 

Sodium tetraborate Na»B 407 . 10 H 2 O = 1 .bO'® 

Calcium metaborate Ca(B02)2. 2 H 2 O = 0.3U® 


PREVENTING NUTRIENT DEFICIENCIES IN COTTON 

The occurrence of deficiency symptoms in cotton is more often 
observed in the regions that use commercial fertilizer in the produc- 
tion of this crop. It is usually possible to eliminate the symptoms 
at a relatively low cost by including the deficient nutrients in the 
fertilizer combination. 

Suggested rates per acre for the application of various nutrients 
to prevent serious deficiencies are listed below: 

Nitrogen — IS to SO pounds of nitrogen. 

Phosphorus — IS to SO pounds of phosphoric acid. 

Potassium — IS to SO pounds of potash. 

Calcium add sufficient lime to maintain soil reaction at pU value around 

6 . 00 . 

Magnesium— 10 to 20 pounds of soluble magnesia or 100 to 200 pounds of 
dolomitic limestone in the row with the fertilizer. 

Manganese — 2S to SO pounds of manganese sulfate or the equivalent. 

Zinc — 20 to 40 pounds of zinc sulfate or the equivalent. 

Sulfur — use fertilizer materials containing sulfur. 

Boron — S to 10 pounds of borax or the equivalent. 
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KF.V TO PLANT-NUTRIENT DEFICIENCY SYMPTOMS OF COTTON 


C ptirasitrs <‘r viruses absent . 


More or less localized effects and decreased grovjih. 


Element 

DEFICIENT 

A. Elfccl> localized on older or lower leaves or more or less general on whole 
plant. 

B. Symptoms local, occurrinii as mottling or chlorosis with or without 
neerruie spotting {areas ot dead tissue) on lower leaves; little or no 
dr>'ing up of lower leaves. 

C. Lower leaves brittle, curved or cupped under, with yellowish-white 

mottling between veins. Necrotic spots present Potassium 


C. Lower leaves purplish red with green veins Magnesium 

B. Symptoms general, with yellowing and drying, or ‘‘firing,” of lower leaves. 

C. Plants light green; lower leaves yellow, drying to brownish color.... Nitrogen 
C. Plants dark green, leaves and plants small, maturity delayed Phosphorus 


A. Effects localized on terminal growth (upper and bud leaves). 

B. Dieback involving terminal buds, resulting in many-branched plant. 


Young leaves yellowish green, flower buds chlorotic Boron 

B. Terminal bud.s remain alive; chlorosis of upper or bud leaves. 

C. Leaves yellowish gray or reddish gray with green veins Manganese 

C. Leaves green in color, plant dwarfed Sulfur 
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Courtesy oj Pee Dee Experiment Station, Florence, S. C. 

Plate 2 , — Nitrogen deficiency in cotton is characterized by yellow color of foliage and slow 
growth. The plot on the left did not receive nitrogen in the fertilizer; the plot on the right 


received a complete fertilizer. 



Plate 3 . — Effect of phosphorus on color and growth of cotton. Right, the small, dar ^ 
plants exhibiting phosphorus deficiency received a 6-0-4 fertilizer. Left, normal green pa 

that received a 6-10-4 fertilizer. 
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i*late 4 , — Cotton leaves showinfi potassium*deficiency symptoms. Left, normal green leaf. 
Kight, reddish-brown leaves with ragged margins due to potassium deficiency. 



Hate 5.— Cotton boll <.howin« potasMum-deficiencv symptoms. Left, normal, large, well opened 
boll. Right, »mall, immature, partly opened boll resulting from a deficiency of potassium. 
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Courtesy of Pee Dee Experiment Station, Florem < , 5 . C. 

Plate 6 . — Growth characteristics due to potassium deficiency. The plot at the top did not 
potash in the fertilizer. Note the premature shedding of the leaves and the immature, p 
opened bolls. The normal growth of plants that received a complete fertilizer is s own 

bottom. 
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Plate 7 , — Cotton leaves showing purplish-red color with green veins resulting from magnesium 

deficiency. Leaf at left is normal. 



Plate S . — 


TU , ... 01 >■ £■ iJcMurtrey, Jr., V . S. Department oj Agriculture 

These cotton plants did not receive magnesium. Note the purplish-red color of the 

lower leaves and premature shedding of foliage. 
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CHAPTER VI 


Plant'Nutrient Deficiencies in Vegetable 



By J. J. Skinner and E. R. Purvis ^ 


\ /^[ANY of the symptoms of plant-nutrient deficiencies now 

y recognized were first identified in vegetable crops. There 
are a number reasons why these crops were among the 
first to suffer from a depletion of the soil’s supply of available 
nutrients. Few other plants are grown on as intensive a scale, 
often two or more successive crops being produced on the same soil 
within a single growing season. Quality in vegetables will usually 
depend upon the speed with which the plants can be brought to the 
marketable stage. This requires an ample and constant supply of 
available nutrients in the soil to maintain rapid growth. Yet the 
bulk of the vegetable crops produced in the United States are grown 
on light-textured sandy soils of low native nutrient content. Such 
soils warm up early in the spring, favor the development of root 
crops, are responsive to applied fertilizers, and are easy to cultivate. 
These factors outweigh their lack of fertility. The vegetable grower 
has long been acquainted with the symptoms of plant deficiencies 
of nitrogen, phosphorus and potassium, and for years he has supplied 
these nutrients to his soil in the form of commercial fertilizers. 

However, because of the tremendous increase in the use of com- 

/ 

mercial fertilizers throughout the world during the past two decades, 
the supply of many of the natural products once used in making 
NPK mixes has become too limited to meet the demand, or else 
these materials have found a more profitable market elsewhere. 
Blood, tankage, fish scrap, kainit, manure salts, guano and bone 
meal all contain important traces of essential nutrients other than 
nitrogenj phosphorus and potassium. As long as these were the 
common constituents of fertilizers, the grower was unwittingly sup- 
plying his soil with traces of nutrients just as important to crop 
production as those upon which the price of the fertilizer was based. 
This was especially true in vegetable production where larger 
amounts of fertilizer are normally used than are applied to most 
other crops. When these natural products were replaced by syn- 
thetic or highly refined materials, vegetable crops, along with other 

^ J. J. Skinner is former senior biochemist, Bureau of Plant Industry, Soils and Agricultural 
Engineering, U. S. Department of Agriculture, (retired) ; and E. R. Purvis is associate research 
specialist in soils, New Jersey Agricultural Experiment Station. 
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plants, began to show symptoms of new deficiencies. Within the 
past 20 years we have come to realize that many of our soils must 
be supplied with boron, copper, iron, magnesium or zinc, in addition 
to nitrogen, phosphorus and potassium, if they are to continue to 
produce profitable crops. We now recognize signs of hunger for 
these nutrients in many plants. 

Other factors which have contributed to the advent of these new 
nutrient deficiencies are: The dwindling supplies of stable manures 
on farms, the improvement of vegetable varieties with a resulting 
increased nutrient demand to produce the higher yields made pos- 
sible with these better varieties, and the injudicious use of lime. 
The latter factor is especially important since the pH of the soil 
controls to a marked degree the availability of such nutrients as 
boron, iron, manganese and zinc. Enthusiastic liming programs 
during the past few years have resulted in the overliming of many 
normally acid soils. When this occurs, the nutrients mentioned 
above may become unavailable to plants. 

Just as the nutrient requirements of vegetable crops vary, the 
symptoms of malnutrition due to a deficiency of an essential plant 
nutrient will not be similar in all plants. However, the more we 
learn of the role of an element in plant nutrition, the better we are 
able to correlate the variations in the symptoms produced by a 
deficiency of that element in different plants. The deficiency symp- 
toms of many nutrients are remarkably similar in a considerable 
number of vegetable crops. Some of the outstanding symptoms of 
nutrient deficiencies that have become economically important in 
vegetable crops will be discussed and illustrated in the remaining 
sections of this chapter. 

NITROGEN DEFICIENCY 

It is likely that symptoms of nitrogen deficiency were among the 
first signs of malnutrition in plants to be identified by man. There 
is little doubt that these symptoms are more generally recognized 
today than are those of most other nutrient deficiencies. The vege- 
table grower knows from experience that light-green to yellow 
leaves, coupled with retarded growth, are indications of nitrogen 
starvation in his crop. Experience has also taught him that a liberal 
and constant supply of nitrogen in the soil is necessary for the 
production of high-quality vegetables. 

The nitrogen content of mineral soils will vary from approxi- 
mately 1 ,000 to around 4,000 pounds to the acre, the greater part 
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of the element being contained in the organic fraction of the soil 
where it is not immediately available to plants. Since the soils nor- 
mally used in the production of vegetable crops are usually low in 
organic-matter content and of a light sandy texture, they contain 
little nitrogen to begin with and rapidly lose the nutrient through 
leaching when it is oxidized to the nitrate form. Where vegetable 
crops are grown in rotation with legumes, the residues from the 
latter plants will supply part of the nitrogen required by the former. 
However, the native nitrogen supply of the soil usually furnishes 
but a small part of the nitrogen utilized by vegetable crops. The 
remainder must be supplied in the form of nitrogenous fertilizers. 

All plants utilize nitrogen in both the ammonia and the nitrate 
form and their nitrogen requirements are generally higher in the 
early stages of growth. However, plants may show nitrogen- 
deficiency signs during any period from the seedling stage to 
maturity. 

The symptoms of nitrogen deficiency are strikingly similar in 
most vegetable crops. The first indication of the deficiency is 
usually seen in the leaves of affected plants. These lose their normal 
green color and become light green to yellow. Similar color changes 
soon occur in the stems. The condition usually starts at the growing 
points of the younger leaves but rapidly spreads to all foliage. In 
the final stages, the entire plant may become light yellow to golden 
yellow in color before changing to brown. 

The first sign of nitrogen deficiency in tomatoes is retardation of 
growth, followed by loss of the normal green color. The change in 
color is first noticeable in the tips of the younger leaves at the top 
of the plant. These leaves remain small and thin. The entire plant 
gradually becomes light green to pale yellow in color. From a 
yellowish green the color of the veins of the leaves changes to a deep 
purple, which is accentuated on the underside of the leaf. The stems 
become hard and fibrous and may take on the same deep purple 
color found in the leaf veins (plate 1, page 203). 

Roots of nitrogen-deficient tomato plants may be more fully de- 
veloped than the tops in the early stages of growth, but they finally 
become stunted, turn brown and die. Flower buds turn yellow and 
shed, a symptom apparently associated with the reduced leaf area, 
which in turn reduces the rate of carbohydrate production to the 
point where the plant is not able to support fruiting. The few fruit 
that do develop are small, woody and pale green when unripe, but 
highly colored when ripe. The yield of fruit is greatly reduced. 


174 


HUNGER SIGNS IN CROPS 


In cucumbers also, the early symptoms of -nitrogen deficiency are 

exhibited by a stunted growth and a change in color of the foliage. 

The normal green of the leaves fades through several shades of green 

and yellow until, in extreme cases, all of the chlorophyll is broken 

down and the remaining color is pure yellow. The stems are slender 

and become hard and fibrous. As with tomatoes, the roots tend to 

develop more fully than the tops but eventually cease growth, turn 
brown and die. 

Cucumber fruit on nitrogen-deficient plants is frequently light in 
color. Due to the effects of the deficiency, the cucumbers become 
pointed at the blossom end and the pale color is intensified (plate 2, 
page 204). Such cucumbers are marketed as low-grade products. 
A lack of nitrogen in the soil is one of the principal causes of low 
yields of cucumbers. 

Nitrogen deficiency in radishes is likewise indicated by retarded 
growth, which affects both tops and roots. The leaves are small, 
narrow and thin, and they become yellow. The stems are slender 
and weak. The roots are small and imperfectly developed and have 
a faded reddish color when compared with radishes grown with an 
abundant supply of nitrogen (plate 3, page 205). 

In onions, the symptoms of nitrogen deficiency usually appear 
early. The plants are slow in growing off, and the leaves are short 
and small in diameter and light green in color; later the tips turn 
a reddish-buff color which eventually involves the entire leaf. The 
plant has a distinctly stunted appearance (10, 19). 

POTASSIUM DEFICIENCY 

Potassium starvation has been observed in almost all truck crops 
and occurs generally in truck-crop soils unless they are properly 
fertilized. Potassium is perhaps removed from soils by vegetable 
crops in larger amounts than are other nutrients, and it is readily 
leached from the kind of soils found in the large trucking areas. 
Most vegetable crops quickly reflect any shortage of this element. 
Without sufficient available potassium in the soil, vegetable plants 
suffer reduced vigor, greater susceptibility to disease, impairment 
of growth processes, and failure to develop normally and to trans- 
locate starch, i.e., move it from one part of the plant to another m 
response to internal needs. On the other hand, the presence of an 
adequate supply of available potassium in the soil promotes the 
health of the plant, increases resistance to certain diseases, and 
offsets the effect of an oversupply of nitrogen. 
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Potassium-deficiency symptoms in vegetable plants are indicative 
of a very limited supply of available potassium in the soil. Early 
symptoms indicate danger, which may be avoided by applying 
potassium to the soil. If the deficiency is not corrected, the result 
may be defective plants, retarded growth, reduced yields, and 
economic loss. 

A deficiency of potassium is recognized by a change in the color 
of the vegetative parts as a whole and the occurrence of spots caused 
by a breaking down of the tissues. Symptoms may vary with the 
age of plants. In soils extremely low in potash the symptoms may 
appear in the seedling stage, but in those with a supply that is 
moderate but not sufficient to support normal growth to maturity 
they may not appear until the fruiting stage. In soils with a medium 
content of potash and an abundant supply of nitrogen, potassium- 
deficiency symptoms may develop after a period of rapid growth. 
Where there is a moderate supply in the soil, potassium starvation 
in tomato plants may appear first at the middle of the plant and 
work upward, but in very deficient soils the symptoms usually appear 
first in the older leaves at the base of the plants. 

Potassium-starved tomato plants grow slowly. The plants are 
stunted and the yield is small. The young leaves become finely 
crinkled. Older leaves turn an ashen grayish green at first, develop- 
ing a yellowish green along the margins. The injury progresses from 
the margin toward the center of the leaflet, causing a bronzing of the 
tissue, which is followed by the development of large, light-colored 
spots between the larger veins. The affected areas often turn a 
bright orange color and frequently become brittle. The leaves turn 
brown and finally die. The stems become hard and woody and fail 
to increase greatly in diameter, remaining slender (plate 4-A, page 
206). The roots are not well developed; they remain slender and 
are often brown in color, and secondary thickening does not occur. 

Potassium deficiency may have a decided effect on the shape, 
solidity and quality of tomato fruit. The fruit on plants showing 
extreme deficiency may ripen unevenly and lack solidity (plate 4-B, 
page 206). 

Cabbage plants showing potassium deficiency in its earliest stage 
become bronzed on the border of the leaf, and the bronzing spreads 
inward. As the deficiency becomes acute, the symptoms progress 
and are manifested by a parching of the leaf rim and the develop- 
ment of brown spots in the interior of the leaf (plate 5, page 207). 

Potassium deficiency in brussels sprouts causes symptoms very 
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similar to those in cabbages. In carrots, the symptoms are mani- 
fested first in curled leaves. The rim of the leaf becomes brown, 

and the green of the inner portion fades to a grayish green and 
finally becomes bronzed. 

In cucumber plants, potassium-deficiency symptoms are the char- 
acteristic bronzing and dying of the leaf margin. The bronzing 
gradually spreads into the leaf area between the veins. Fruit with 
an enlarged tip end is characteristic (plate 2, page 204). 

Radishes grown in potash-deficient soil exhibit a dark-green color 
in the center of the leaf, a very early symptom of potassium defi- 
ciency, while the edges curl and become pale yellow to brown. Ex- 
treme deficiency is exhibited in the deep yellow to bronze color of 
the lower leaves and the stems. The leaves are thick and leathery. 
The roots are more bulbous than they would be normally (plate 3, 
page 205). In beets, the deficiency is manifested in a tapered root, 
which is nonbulbous and poorly developed. 

Potash-deficiency symptoms in onions can develop early in plants 
that are not stunted. At the outset the tips of the older leaves assume 
a distinctly grayish-yellow or light straw color which gradually 
progresses downward as the entire leaf wilts. The wilted areas 
exhibit a satiny texture and a crepe-paper-like appearance (10, 19). 

PHOSPHORUS DEFICIENCY 

Phosphorus deficiency is most likely to become evident after land 
has been farmed for a number of years. For this reason the soils 
of the eastern trucking areas of the United States have shown the 
need of phosphorus first. The custom of using large quantities of 
phosphate fertilizer is so general in the large areas of extensive 
truck-crop farming, however, that phosphorus deficiency is seldom 
of economic importance. If commercial phosphate were not abun- 
dantly supplied to sandy truck-crop soils of low phosphate content 
and to the heavy soils of high clay content, which have a high fixa- 
tion power for phosphorus that makes it unavailable, phosphorus 
deficiency in vegetables would in all probability become serious and 
result in great loss. 

The symptoms of phosphorus deficiency in vegetable crops are 
slow growth and delayed maturity. Characteristic foliage s)mip- 
toms are generally less pronounced than those resulting from defi- 
ciencies of some of the other plant nutrients. Some crops, suffering 
from phosphorus deficiency, show a tendency for the leaves to as- 
sume a darker green color than do those of normal plants. This 
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phenomenon is probably due to an increase in the chlorophyll con- 
centration in vegetative tissues which are no longer growing. In 
other crops, purple pigmentation may appear in the leaves, or along 
the leaf veins. The fibrous root systems of phosphorus-deficient 
plants are poorly developed. The fruit of such plants ripen slowly 
and are relatively small in size. The seed will also be small and of 
light weight. Often over half of the total phosphorus content of 
mature plants will be found in the seed and the fruit. Vegetable 
crops, in common with other plants, have two periods in their growth 
cycle when their requirements for phosphorus are high — the early 
stages of plant growth, and again as the fruit and seed are maturing. 
The symptoms of phosphorus deficiency appear more frequently 
during the early stages of growth, for if the plant obtains sufficient 
phosphorus for vegetative growth, it can translocate a high percent- 
age of the nutrient contained in the vegetative tissues for the produc- 
tion of fruit and seed. When symptoms of the deficiency do appear 
at the fruiting stage, it is usually too late to do anything about it. 

An early symptom in tomatoes is the development of a reddish- 
purple color on the underside of the leaf. The color in the web of 
the leaf may first appear in spots and later spread over the entire 
leaf, with the veins finally becoming reddish purple. The foliage 
eventually assumes a purplish tinge. The stems are slender and 
fibrous. The leaves are small, and the plant is late in setting fruit 
( plate 6 , page 208) ( 6 ) . The leaves of phosphorus-deficient radishes 
also exhibit a reddish-purple color on the underside (plate 3, page 
205). In celery, the deficiency is exhibited by poor root develop- 
ment and slender stalks. Phosphorus-deficiency symptoms usually 
appear later in the growth of the onion. Stunting occurs and soon 
the tips of the oldest leaves wilt and die. In some cases the affected 
leaves become mottled in appearance with green areas appearing 
among yellow and brown tissue (10, 19) . The dead leaves may turn 
black. With most leafy crops, such as broccoli, cabbage and cauli- 
flower, phosphorus deficiency is indicated when the underside of 
the leaves takes on a reddish-purple cast. This pigmentation will 
usually be more pronounced along the veins. 

CALCIUM DEFICIENCY 

Soils of the important trucking areas are generally supplied with 
calcium in the form of lime or in fertilizers. The latter are used 
generally in quantities sufficient to supply the calcium necessary 
for the growth of vegetable crops. A deficiency may become prev- 
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alent in these soils if fertilizers that do not contain calcium are 
used for a period of years. 

Much research work has been reported on the growth of plants 
in calcium-free nutrient solutions. From such experiments the 
symptoms of calcium deficiency in some vegetable plants are well 
known, though its occurrence under field conditions is unusual. 

A lack of calcium results in retarded vegetative growth and thick 
woody stems. The root tips are affected. Tomato plants suffering 



Courtesy of R. P. Hibbard and B. II. Grigsby. 

Michigan Agricultural Experiment Station 

Figure 1. — Garden -pea plants, growing in water 
cultures, showing calcium deficiency. Plants on 
the left are growing in a complete nutrient solu- 
tion, those on the right in a solution lacking 
calcium. Lack of calcium early retards the 
elongation of stem; 2 weeks’ growth produced 
the difference in height. The leaves are drying 
and curling under, the tendrils shriveling, and 
the young tissue changing to pale green or 

yellow (7). 


from the deficiency have yellow 
leaves on the upper part of the 
plant, while the lower leaves 
remain green. This is a dis- 
tinctive characteristic; in defi- 
ciency of nitrogen, phosphorus 
or potassium, the lower portion 
of the plant exhibits discolored 
foliage while the upper leaves 
and stems remain normal. The 
indications are that calcium is 
not transferred from the older 
leaves at the base of the plant 
to the newer leaves at the top. 
Calcium-deficient tomato plants 
are weak, flabby and lacking in 
firmness or turgidity. The ter- 
minal buds die and the stem 
near the terminal becomes 
spotted with dead areas. Roots 
are short, much branched, 
stubby, bulbous and dark 

brown in color (5, 13). 

Calcium deficiency in garden 


peas is shown by the appear- 
ance of red patches on the 
leaves, first near the midrib and at the ends of the small veins. 
As the injury increases it spreads out toward the leaf margin until 
the whole leaf is involved. The color changes gradually, the healthy 
green turning to pale green and then to white. The basal portion 
of the leaf loses color first, the margin remaining green longest. 
Calcium deficiency causes a very slow growth and a dwarfing of the 
plant (figures 1 and 2) (7). 
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SULFUR DEFICIENCY 


Sulfur starvation in vegetable plants in the field is unusual. 
A deficiency of this plant food is seldom found in soils used for 
vegetable crops, particularly soils of the large trucking areas. This 
is perhaps because sulfur is supplied in commercial fertilizers, 
which are used in large quantities on most truck-crop soils, and 
also because the sulfur in the atmosphere is brought down by rain. 
Sulfur deficiency may occur in 
local areas where the soil condi- 
tions are unusual. Serious in- 
jury to vegetable crops in the 
large trucking areas from sulfur 
deficiency is improbable unless 
present fertilizer practices are 
radically altered. 

Sul fur -deficiency symptoms 
develop slowly in tomato plants. 

The appearance of the plants is 
similar to that of plants suffer- 
ing from an incomplete supply 
of nitrogen. The lower leaves 
become yellowish green, the 
stems are hard and woody, and 
the roots are well developed 
and extensive. Both roots and 
stems are small in diameter. 

Sulfur-deficient tomato plants 
have a remarkable capacity for 
elongation of the stem, which 
is not the case with plants 
grown with an incomplete sup- 
ply of nitrogen, phosphorus or 
potassium. Stems of sulfur- 



Courtesy Of R. F. Hibbard and B. II . Grigsby, 

Mulligan Agricutturai Experiment Station 

Figure 2 . — A detailed comparison of the dif- 
ference between the shoots of young pea plants 
grown in a complete nutrient solution, on the 
left, and in one lacking calcium, on the right. 
The color of the leaves on the left is a deep 
green and the tendrils are long and active. The 
margins of the leaves on the right are green but 
the centers are white; the tendrils are short, 

tough and shriveled (7). 


deficient plants, though woody 

and hard, increase in length but not in diameter. The plants are 
high in carbohydrates and sometimes in nitrogen ( 14 ). 

MAGNESIUM DEFICIENCY 

Magnesium deficiency in truck-crop soils is widespread in many 
sections of the country. Soils of the Atlantic and Gulf Coastal 
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Plains, where extensive areas are devoted to vegetable growing, 
are very low in magnesium content. The causes of the deficiency 
are a natural lack of magnesium rock material in the soil, extensive 
leaching due to heavy rainfall, and the removal of large quantities 
of magnesium in crops. Losses due to magnesium deficiency are 
of economic importance not only in the Atlantic and Gulf trucking 
belts, but also in many other sections throughout the country. 
Periodic applications of soluble magnesium fertilizer or magnesium 
limestone to magnesium-deficient soils are necessary to produce 
truck or vegetable crops of good quality. The growing of cover 
crops for green manure tends to conserve the magnesium supply in 
the sandy soils of the Atlantic seaboard trucking belt, which are 
subject to excessive leaching. It is essential to maintain an adequate 
supply of magnesium in truck-crop soils at all times. 

Magnesium influences the earliness and the uniformity with 
which vegetable crops mature, the size of the roots, the size of the 
fruit, and the quality of the marketable portion of the crops. Vege- 
table plants develop a characteristic chlorosis, or lack of normal 
green color, when the magnesium supply is insufficient. The lower 
leaves are affected first, and in some vegetables these are practi- 
cally the only leaves that become chlorotic. 

Tomato plants grown in soil or in sand-nutrient solutions deficient 
in magnesium develop leaves that are very brittle and have a tend- 
ency to curve upward. The veins remain dark green while the areas 
between them become yellow, the yellow color increasing in intensity 
with distance from the vein. The yellow areas become deeper in 
color and finally turn brown and break down. The symptoms are 
most common in the older leaves of mature plants. From time of 
fruiting the deficiency may become increasingly severe. There is 
little effect on the stems or the fruit (plate 7, page 209). 

Early stages of magnesium deficiency in cabbages are manifested 
by a chlorotic, mottled, puckered appearance of the lower leaves 
(figure 3). The advanced stage is a more severe mottling which 
develops into white or very pale yellow areas around the rim and 
at the center of the leaf. These areas decay and die. The white 
and yellow area at the rim of the leaf turns brown when extreme 
deficiency has developed (plate S, page 207). If magnesium defi- 
ciency only is present, areas of dead tissue mark the entire lea . 
If nitrogen is also a limiting factor, the entire leaf will first turn a 
light-green color and then become yellow before the breakdo^ 
occurs in the central portions of the areas between the veins ( )• 
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Potassium deficiency is sometimes confused with a lack of mag- 
nesium. The former, however, appears as a bronzing of the leaf, 
the color developing into brown before the breakdown of tissue 
occurs. On the other hand, magnesium deficiency will often appear 
in vegetable crops after a liberal application of potassium fertilizer 
salts to the soil. This suggests a possible connection between the 
roles of the two nutrients in plant metabolism, or it may be just a 
matter of the substitution of limiting factors, the increased rate of 


Figure S. — Overwin- 
tered cabbage plant 
from field experi- 
ments showing 
symptoms of mag- 
nesium deficiency. 
Note the white, 
puckered, spotted 
area of the lower 
leaves, indicative of 
early stages of the 
deficiency ( 2 ), 



Courtesy oj R. L. Carolus, Virginia Truck Experiment Station, and 

B. E, Browtif U. S. Department oj Agriculture 


growth produced as a result of the applied potassium rapidly de- 
pleting the limited supply of magnesium in the soil. 

Turnip leaves from plants grown under conditions of magnesium 
deficiency develop brown areas around the rim which dry up and 

fall out, while the inner areas are chlorotic and mottled (plate 8, 
page 210) (2). 

Most vegetables are susceptible to a shortage of magnesium in 
the soil and show the general characteristics described here. 

Magnesium deficiency in carrots is characterized by a lightening 
of the foliage color and the appearance of light-yellow or brown 
spots on the tips of the lobes of the leaflets. Deficient plants are 
generally smaller than those with an adequate supply of magnesium. 
Magnesium deficiency has seldom been identified in beets. Cucum- 
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bers and squash are very sensitive to any condition that may un- 
balance the supply of nutrients in the soil solution. These two 
vegetables show similar responses to magnesium deficiency. Snap 
beans and lima beans deficient in magnesium show the characteristic 
mottling and browning of the foliage described for other vegetables. 
The first evidence of magnesium deficiency in onions is the develop- 
ment of irregular elliptical-shaped areas near the ends of the leaves, 
almost white in color, which later disappear in a general breakdown 
of the affected leaves (plate 16, page 214) (10, 19). 

Since sweet potatoes are generally grown on nutrient-poor, sandy 
soils, and since these soils must be maintained at a low pH to con- 
trol the disease knowm as pox, it may be expected that they would 
be especially susceptible to magnesium deficiency. As with other 
plants, the deficiency first affects the older leaves. These develop 
yellow areas between the leaf veins while the veins remain green 
(plate 9. page 210). As the deficiency becomes extreme, the older 
leaves turn brown and dry up while the symptoms appear in newer 
leaves closer to the tip of the veins. In the Puerto Rican type of 
sweet potato, the chlorotic areas between the veins of the leaves 
are reddish purple in color instead of yellow. Magnesium deficiency 
will often reduce the yield of sweet potatoes by half, or more. 


BORON DEFICIENCY 

Small quantities of boron are necessary for the normal growth 
of most, if not all, vegetable plants. The addition of 5 to 20 pounds 
of borax per acre to boron-deficient soils is usually adequate for 
normal growth of vegetables. The range between quantities 
necessary for normal growth and amounts that are toxic is very 
narrow. 

In recent years boron has been found to be an essential plant 
food of vegetable crops. Previously it was considered that soils 
ordinarily contained sufficient boron to support plant growth, but 
authentic cases of boron deficiency in vegetables as well as in other 
crops have been reported from various sections of the United States 
and Canada — in fact, from most parts of the world. Plants become 
adversely affected or die if deprived of boron. Crop failure from 
this cause has occurred in many widely separated sections, often 

causing considerable economic loss. , . 

Boron deficiency has been noted on soils of different origin, 
differing in physical and chemical characteristics. It is common 
on soils to which lime has been applied and on sandy, leachy soi s. 
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as well as on heavy and silty soils. The crack stem of celery on 
sandy soils in Florida, attributed to boron deficiency, is among the 
earliest cases known of the failure of a field crop from this cause. 
During the past few years it has been reported in Eastern, Middle 
Western, and Western States. Malnutrition of beets, turnips, ruta- 
bagas, cauliflower, lettuce and spinach, due to a lack of boron, has 
been observed in many States including Virginia, New Jersey, New 
York and Michigan, where it occurs in sufficiently large areas to be 
of economic importance. Boron deficiency is also economically 
important in Canada and in European countries. 

The severity of boron-deficiency diseases in the field may depend 
on other factors beside the boron content of the soil. Soil moisture 
is an influential factor — in dry seasons there is greater injury from 
this cause. Excessive amounts of lime in the soil increase injury. 
The injury to vegetable crops caused by overliming has been at- 
tributed in some cases to boron deficiency, but the mechanism in- 
volved in rendering boron unavailable has not been explained. 

Characteristic symptoms of boron deficiency in specific vegetable 
plants vary widely. The crack stem of celery and the brown heart 
of table beets and turnips are very different, but both are due to 
a lack of boron. 

In celery, boron deficiency first manifests itself by a brownish 
mottling of the leaf, usually appearing first along the margins of 
the bud leaves. The mottling is accompanied by brittleness of the 
stem and by the appearance of brown stripes in the epidermis along 
the ribs. Finally crosswise cracks appear on the surface of the 
stalk and the tissue curls outward from these breaks. The dis- 
rupted tissue soon becomes dark brown in color. Roots of the 
affected plant turn brown, the laterals dying back, and form small 
knoblike appendages at their extremities. In the final stages the 
plant dies. Under field conditions the deformed plant may remain 
alive and new growth may appear later (plate 10, page 21 1) (17). 

Boron deficiency in table beets (16), turnips (4) and other root 
crops, commonly known as brown-heart disease, is manifested 
first by dark spots on the roots, usually on the thickest parts. The 
plant gradually becomes stunted or dwarfed. The leaves are 
smaller than normal and less numerous, and they gradually assume 
a variegated color, which appears as a mixture of yellow and 
purplish-red blotches over part or all of the leaf, while the stalks 
of such leaves usually show a longitudinal splitting. Frequently the 
affected plant has twisted leaves and exhibits a slight shortening 
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and discoloring of the leaf stalks in the center of the crown. The 
growing point may die and decay. The root does not grow to 
full size and under conditions of severe boron deficiency remains 
very small and distorted, with a rough, unhealthy, grayish appear- 
ance instead of a clean, smooth surface. Often the surface will be 
wrinkled and cracked (plate 11, page 211). 

On a root cut through, boron deficiency may be seen as the 
familiar brown heart — dark-brown, water-soaked areas in the flesh 
at the center ( figure 4). According to the severity of the deficiency, 
brown heart may vary from a few small, scattered, isolated spots to 
a large water-soaked area, or even a hollow center with all the 
inner flesh badly discolored. 



Figure 4 . — Interior 
of turnip roots 
showing dark center, 
or hollow heart, 
caused by a defi- 
ciency of boron. 
Left, normal turnip; 
right, boron-defi- 
cient turnip. 

Courtesy of R. W. Donaldson, ^fassachusctts Agricultural Experiment Station 


In tomatoes, boron deficiency has not been of economic importance 
and has not occurred generally. The deficiency has been observed 
when plants were grown in nutrient solutions free of boron. An 
early symptom is a blackened appearance at the growing point of 
the stem. The plant looks bushy owing to the growth of new leaves 
below the growing point of the stem. The cotyledons, or seedling 
leaves, and the true leaves turn a distinctly purple color while the 
plant is young. The stems become stunted and the terminal shoot 
curls inward, yellows and dies. The conductive tissue breaks down. 
A striking characteristic is the extreme brittleness of the petioles, 
or leaf stems, and the midribs. The roots show extremely poor 
growth and become yellow or brown in color. The fruit is fre- 
quently covered with darkened or dried areas, apparently owing 

to the breakdown of the tissue. _ , 

Boron deficiency in lettuce is characterized by malformation o 
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the more rapidly growing leaves, spotting and burning of the leaf 
tips, and death of the growing point of the plant (figures 5 and 6 ) 
(12). The first symptoms are retardation of growth and mal- 
formation of the younger leaves. Marginal growth ceases, and 
this results in a folding back of the leaf tip. The spots on the leaves 
increase in size and number, involving the entire leaf tip and giving 
it a scorched appearance. The older leaves are not noticeably 
affected, but all young leaves, from those first affected to the growing 
point itself, are involved. 



Courtesy of J. S. McHargue and R, K. Caljee, Kentucky Agricultural Experiment Station 


Figure 5 . — Growing point of lettuce plant showing symptoms of boron deficiency. Note 
the curling or folding back of the young leaves and the scorched appearance of the dis- 
figured leaf tips {12), 

Boron deficiency in cauliflower first appears as small, concentric, 
water-soaked areas in the stem and in the center of the small 
branches of the curd ( plate 1 2 , page 212). The external appearance 
may resemble the browning in brown heart of turnips. When brown- 
ing is severe, both the outer and the inner portions of the head are 
affected. The discoloration of the curd may appear at various 
stages of maturity, and it increases with growth. In a cauliflower 
plant affected with boron deficiency, the smaller leaves around the 
curd may be deformed and stunted (3). 
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Boron deficiency gives onion plants a characteristically stunted, 
distorted appearance. Leaf color varies from dark gray green to 
deep blue green, the youngest leaves developing conspicuous yellow 
and green mottlings. Shrunken areas appear, followed by ladderlike 
transverse cracks on the upper sides of the basal leaves. The leaves 
become stiff and brittle (plate 17, page 214) (10, 19). 

Boron deficiency first manifests itself in sweet potatoes by a 
restriction of the terminal growth of the vines and a shortening of 



Courtesy of D, /. Arvon and S, B. Johnson, 
California Agricultural Experiment Station 


Figure 6 . — Normal 
leaf (left) and 
boron-deficient leaf 
(right) resulting 
from growing let- 
tuce in sand and 
nutrient - solution 
cultures. 


the internodes. As the disturbance develops, petioles become curved 
and the terminals become stunted and distorted. The older leaves 
turn yellow and are prematurely shed (figure 7). Tubers from 
deficient vines show varying degrees of both external and interna 
degeneration. They are misshapen and the skin is rough and 
leathery in texture. Dumbbell-shaped, lopsided and spindle-shape 
malformations are common. Severely affected tubers show surface 
cankers, sometimes covered with a hardened, dark exudate (figure 
8 ) . Affected tubers may show evidence of internal breakdown^imi 
lar to that produced by boron deficiency in turnips and beets. Vary^ 
ing in size, these internal necrotic areas occur indiscrimma e , 
throughout the fleshy part of the tuber but seem to be most preva en 
in the cambial zone near the periphery (15). 
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Courtisy of C . J. Sutbaum, South Carolina Agricultural Experiment Station 


Figure 7, — Normal sweet potato vine on left. Note the long straight petioles, well-spaced 
inlernodes and actively growing terminal. Boron-deficient plant on right shows a stunted, 
gnarled type of growth, short internodes, and curled petioles. Note the distorted terminal 

bud and the premature shedding of leaves. 


Figure S . — Sweet 
potato roots show- 
ing typical boron- 
deficiency symp- 
toms. Note the 
malformation of the 
roots and the sur- 

m 

tace cankers covered 
with blackened e.xu- 
dale. 








Ccuftesy o! C. S usb*ium ^ South Cirolino Afficulturdl Stotwu 
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IRON DEFICIENCY 

Iron is indispensable for plants and is abundantly supplied in 
nearly all soils except those that are calcareous and alkaline. The 

is governed by the the soil reaction; in acid soils 
it is comparatively soluble. The addition of organic matter, such 
as crop residues and stable manure, increases the supply of iron 
available to crops. 



Figure P.— Iron-de- 
ficiency symptoms 
shown by tomato 
plants grown in nu- 
trient solutions. The 
leaf on the left is 
from a plant grown 
in a complete nutri- 
ent solution ; the one 
on the right was 
grown in a solution 
containing no iron 

W- 


Courtesy oj D. R. Hoagland and D. /. Anion, 

California Agricultural Experiment Station 

a 

Iron deficiency in truck or vegetable crops is not of economic 
importance on the acid soils of the large trucking belts. In the 
alkaline regions of the United States, however, a chlorosis due to 

iron deficiency is important with some plants. 

The outstanding symptom of iron deficiency is usually the e 
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velopment of yellow leaves on the upper parts of the plants. The 
terminal growth is the first part affected. In tomato plants (figure 
9), chlorosis of the young leaves, with little necrosis or dying of 
tissues, appears to be the dominant symptom. 

Iron occurs in greatest concentration in the leaves of vegetable 
plants. These plants vary in their susceptibility to chlorosis asso- 
ciated with inactivity of iron induced by the presence of lime. 

COPPER DEFICIENCY 

Copper is an essential plant food for vegetable and other crops. 
Applying it to some kinds of soil stimulates growth and results in 
the production of normal plants, and without it crops fail. Copper 
is a normal constituent of all plants. The fact that seeds are high 
in copper suggests that this mineral is especially important for 
plants grown for seed. 

Available evidence indicates that copper deficiency in vegetables 
is confined to those grown on dark-colored soils, such as the Ports- 
mouth soil types, and on peat and muck. Abnormal growth of 
vegetable crops on peat soils of Michigan and Delaware, caused by 
copper deficiency, has been noted. The addition of 100 to 200 
pounds of copper sulfate per acre to peat soils in western New York 
was found necessary to produce normal truck crops. On the saw- 
grass peat soils of the Everglades of Florida vegetable crops will 
not make normal growth without the addition of 20 to 30 pounds of 
copper sulfate per acre. There have been reports of copper de- 
ficiency in plants growing on peat soils in many other parts of the 
world. Copper deficiency is of economic importance in vegetable 
production in large areas of this class of soil. 

Most mineral soils contain sufficient copper to support normal 
crops of vegetables, except possibly some that are very sandy and 
leachable. 

The quantities of copper sulfate that have been used on soils to 
correct the deficiencies noted vary from 20 to 200 pounds per acre. 
Some peat soils have a high fixing power for copper compounds 
so that relatively heavy applications are necessary to produce the 
desired effect. 

A deficiency of copper may not cause as distinct color character- 
istics in the foliage of vegetable crops as do deficiencies of other 
plant foods. There are some outstanding characteristics noted in 
field-grown plants in dark-colored soils, however, as well as some 
definite characteristics observed in plants grown in nutrient solu- 
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tions in the greenhouse. The leaves of affected plants do not 
maintain their firmness. The foliage exhibits a chlorotic condition 
which gives it a bleached appearance; this may be corrected by 
washing or spraying the leaves with a weak copper sulfate solution. 
Chlorotic lettuce grown on unproductive muck soil deficient in 
copper has become normal after being dusted with copper sulfate. 

Copper-deficiency symptoms in tomatoes include very stunted 
growth of shoots and exceedingly poor root development, dark bluish- 
green color of foliage, curling of leaves and absence of flower 
formation, development of chlorosis, and a lack of firmness in leaves 
and stems (figure 10). Leaves of copper-deficient lettuce plants 
become bleached and chlorotic, the stem of the leaf and the rim 
being affected first (figure 11). 



Courtesy of D. R, Uoaglond and D, 1. Arnou, Caiijornia Agricutturat Experiment to 

Figure 10 . — Tomato leaves from plants grown in nutrient solutions. On left, leaflet from p a ^ 
grown in copper-deficient solution; in center, in a complete nutrient solution; and on 
in a zinc-deficient solution. A deficiency of either copper or zinc has produced ^ajjd 

as compared to those of the normal plant. The copper-deficient plant has small 
chlorotic leaves which are curled inward. The zinc-deficient plant has norma -size 

with leaves resembling those in “little-leaf" of fruit trees {S). 


Onions grown in peat soils in New York exhibit copper 
in an abnormal, thin scale of a pale yellow color ( plate 14 , page L 
The application of copper sulfate at the rate of 100 to 300 poun 
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per acre increased the thickness of the onion scales and changed the 
color from pale yellow to a brilliant brown. Copper-deficient onions 
lack solidity and firmness (11). 

In cases of copper deficiency as extreme as on the Florida soils 
mentioned, truck-crop plants fail entirely to grow. In less extreme 
cases growth is very slow and stunted. 



Courtesy of D. 1. Anion and 5 . B, Johnson, California Agricultural Experiment Station 

Figure 11 . — Lettuce leaflets from plants grown in nutrient solutions. Left, leaflet from normal 
plant grown in a complete nutrient solution; right, leaflet grown in copper-deficient solution. 
Copper deficiency has caused reduced growth and malformation of the leaf, which exhibits 
chlorosis; the plant is weak and lacks firmness. The chlorosis appeared first on the stem and 

the outer rim of the leaf. 

ZINC DEFICIENCY 

Only a few cases of zinc deficiency in vegetable crops have been 
reported. It has been proved by greenhouse demonstrations that 
zinc is essential to the normal development of some plants, in- 
cluding beans, squash and mustard, but in field-grown vegetables 
zinc deficiency has not become of economic importance except on 
unusual soils. The application of zinc salts to the soil or the culture 
medium was effective in producing normal growth. 

Squash (figure 12), mustard and tomato plants grown in zinc- 
deficient soils in the greenhouse at the California Agricultural 
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Experiment Station exhibited zinc-deficiency symptoms. Some of 
the plants had extremely mottled leaves with necrotic, or dead, 
areas. Squash was especially affected. Other plants had leaves 
of a uniform chlorotic appearance. Abnormally small leaves, 
yellow or mottled, were frequently produced, especially by tomato 
and mustard plants, which resembled those in “little-leaf” of zinc- 
deficient fruit trees. Tomato plants sometimes gave evidence of 
leaf injury (figure 11) when only a few inches high. Symptoms 
developed by plants grown in nutrient solutions containing no zinc 
have characteristics similar to those shown by the same kinds of 

plants on zinc-deficiency soil in 
the field. 

Zinc deficiency in bean 
plants, as observed in the field 
on peat soils of Florida by the 
Florida Everglades Experiment 
Station, is exhibited in symp- 
toms similar to those discussed 
for squash and tomatoes in 
nutrient solutions and in soil 
in pots. 

MANGANESE DEFICIENCY 

Manganese is a common con- 
stituent of soils and plants. 
The quantities present in both 

vary greatly, but there is little correlation between the total man- 
ganese in soils and that in the plants growing in the soils. The 
availability of manganese to the crop is governed more by the 
acidity of the soil and the reducing action of manganese in the 

soil than by the quantity present. 

Deficiency of manganese in soils, as demonstrated by the growth 
of plants, is confined principally to soils that are nonacid or cal- 
careous. The deficiency has been noted in local sections of the 
trucking areas of various parts of the country and is of economic 
importance in some places, especially on overlimed and calcareous 
soils of the Atlantic seaboard. Manganese is sometimes deficient 
in acid soils, and when the deficiency occurs in decidedly acid soi s 
it is thought to result from the leaching of soluble manganese, whic 

may be pronounced in soils that are very sandy. . 

Application of manganese to the soil has prevented chlorosis o 



Courtesy of D. R. Hoagiaud, \V. II. Chandler, and 

P. L. Hibbard, University of California 


Figure 12 . — Leaf of squash plant, showing zinc- 
deficiency symptoms, grown in nutrient solu- 
tion without the addition of zinc (9), 
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tomatoes and other truck crops on the calcareous soils of Florida 
where crops failed to grow without it. Normal growth and good 
yields have resulted. 

Manganese deficiency in soils can be corrected by annual appli- 
cations of 50 to 100 pounds of manganese sulfate per acre. The 
requirement, however, may vary widely. Soils that are highly cal- 
careous, overlimed, or acid, leachable and sandy will probably 
require more frequent applications for successful production. 



From work of J. J. Skinner, V, S. Department of Agriculture, and 

R, IV. Ruprecht, Florida Agricultural Experiment Station 


Figure 13 . — Tomatoes on calcareous soil of Florida on which vegetables do not grow unless 
manganese is supplied. Center, commercial fertilizers were applied at the rate of 1,200 pounds 
per acre. On sections of the field to the left and right, 100 pounds per acre of manganese 

sulfate was added to the commercial fertilizer {18). 


In the foliage of tomato plants, manganese deficiency manifests 
itself first as a lightening of the green color, which gradually turns 
to yellow, in the leaf areas farthest from the major veins. As the 
condition progresses the yellow becomes more marked and extensive 
and the veins remain green, giving a characteristic mottled ap- 
pearance to the leaf. Eventually the foliage may become com- 
pletely yellow, and in many cases necrosis sets in, appearing at 
first as small brown pin points centering in the yellow areas farthest 
from the veins and expanding until larger dead areas indicate com- 
plete breakdown of the tissue. Growth is spindling, little or no 
blossoming takes place, and no fruit forms. Retardation of growth 
and chlorosis indicate failure of the leaves to function normally 
owing to inadequate synthesis of chlorophyll (20). 
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Manganese starvation in to- 
matoes has been widespread, 
having been observed in re- 
gions extending from Florida 
to the northern trucking belt. 
In severe cases, as in the cal- 
careous soils of Florida, plants 
fail and do not produce fruit 
(figure 13). 

The characteristic, striking 
form of chlorosis in manganese- 
deficient tomatoes manifests it- 
self in greenhouse-grown plants 
and in plants grown in nutrient 
solutions (figures 14 and 15) 
just as it does in plants grown 

in various types of soil in the field. 

In spinach, the chlorosis appears first at the growing tips and 
gradually extends throughout the plant (plate 13, page 212). The 
normal green color fades from the web of the leaf, leaving it pale 
green to golden yellow. The green color persists longest along the 
principal veins. After some time white dead areas may appear be- 
tween the veins of the leaves. The gradual yellowing of spinach 



Courtesy oj D. R. Hoagiand and D. 1 . Arnon, 
California Agricultural Experiment Station 

Figure 14 . — Characteristic mottling on a tomato 
leaflet as a result of manganese deficiency. On 
left, leaflet from a plant grown in a manganese- 
free nutrient solution; on right, in a similar 
solution containing manganese. 















I 



Courtesy of D. R. Iloagland and D. I. Arnon, Calijornia Agricultural Expirim 

1 f crrnWIl is 

Figure 15 . — Manganese deficiency as exhibited in tomato leaves trom plants ? . „ jj^p- 

solutions in the greenhouse. Left to right, progressive stages of manganese-d 

toms in tomato leaflets. 
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leaves has caused some confusion of manganese deficiency with 
“spinach yellow,” a mosaic disease. 

In table beets, the symptoms are somewhat different owing to 
the large amount of red and purple pigments in the plants. When 
manganese is deficient, the leaf gradually takes on a deep red to 
purple color instead of becoming progressively yellow. As with 
spinach, the color change is most definite between the veins, where 
eventually dead areas appear. Beets in soils extremely deficient 
in manganese make little growth of either roots or tops. 



From work oj J . J . Skinner, U. S. Department oj Agriculture, and 
R. IK. Ruprecht, Florida Agricultural Experiment Station 


Figure 16. — Cabbage leaves from plants grown on field plots in manganese-deficient cal- 
careous soil in Florida. Left, from plot fertilized with nitrogen, phosphorus and potas- 
sium but no manganese. Right, from plot fertilized with manganese in addition to the other 

nutrients (18). 


Manganese-deficient snap beans grow normally for a short period, 
the first symptom to appear being a loss of green color in the 
trifoliate leaves. The yellowing does not spread to the cotyledonary 
or seed leaves until late in the development of the deficiency. At 
first the trifoliate leaves show a faint mottling, the tissue near the 
veins remaining green longer than the islets of tissues between the 
veins. Growth is retarded when these symptoms appear, and the 
chlorotic leaves do not attain normal size. A few days only may 
elapse between the time of the appearance of the first mottling and 


196 


HUNGER SIGNS IN CROPS 


the time when the whole leaf turns a golden yellow. Small brown 
spots, near and parallel to each side of the midrib and veins between 
the lateral branches, may appear before the leaf becomes completely 
yellow (plate 15. page 213) (20). 

\\'hen manganese becomes deficient in cucumbers, the web of 
the leaf begins to change from green to yellowish white, while the 
regions along the veins and midribs remain green. The stems and 
leaves remain small in size, weak and slender. Frequently the 
blossom bud turns yellow. Cabbages (figure 16) and peppers 
e.xhibit somewhat similar characteristics. In all these plants growth 
is stunted and yields are reduced (18). 

The manganese-deficiency symptoms described and illustrated 
are characteristic for most vegetable crops. The foliage symptoms 
e.xhibited in plants grown in nutrient solutions, in soil in pots in 
the greenhouse, and in the field are very similar. 

:MOLYBDENUjM DEFICIENCY 

^Molybdenum is the latest mineral nutrient to be established as 
essential to the normal growth of plants. Although soil deficiencies 
of this nutrient have been previously reported from Australia, New 
Zealand and Europe, the report of Walker (21) is believed to be 
the first instance of its detection in soils of the Western Hemisphere. 
M orking with three serpentine soils from different locations in Cali- 
fornia. Walker found that tomatoes grown on these soils, under 
greenhouse conditions, developed a peculiar yellowing and curling 
of the leaves. The symptoms appeared in about two weeks. Often 
the plants were transplanted, and the symptoms were readily cor- 
rected by an application of sodium molyb(iate sufficient to supply 
one pound of molybdenum per acre. This application was made 
by painting the leaves with a sodium-molybdate solution containing 
100 parts per million of molybdenum and by the infiltration of a 
10-part-per-million molybdenum solution into a cut section of a 
terminal leaflet. Recovery occurred in from 4 to 5 days with all 
treatments. 

The first symptoms of the deficiency are the yellowing and curling 
of the first or second pair of true leaves. Later all true leaves be- 
come mottled, the veins remaining light green and shading into 
the chlorotic areas between. These symptoms are portrayed m 
figure 17. Eventually the chlorotic areas become puffed in appear- 
ance and a marked up-curling of the leaflet margins occurs. In the 
final stages the tips of the leaflets and areas along the leaf margins 


PLANT-NUTRIENT DEFICIENCIES IN VEGETABLE OR TRUCK CROPS 197 


shrivel and die. New-formed leaves are green at first but become 
chlorotic and curled as they expand. 

Although the economic importance of molybdenum deficiency in 
soils cannot as yet be estimated, it appears that lack of this ele- 
ment may be one of the important factors responsible for the stunted 
growth common to serpentine barrens. 


Figure 17. — Molyb- 
denum deficiency in 
tomato. Note dis- 
tinctive mottling 
and curling of older 
leaves, pale green 
color of veins, and 
puffed appearance of 
chlorotic areas. 



Courtesy of Richard B. Walker, California Agricultural Experiment Station 


SUMMARY OF DEFICIENCY SYMPTOMS IN VEGETABLES 


The symptoms of nutrient deficiencies that develop in plants 
growing in the field will often vary somewhat from those produced 
in plants grown under controlled greenhouse conditions. There 
are several sound reasons why this should be true. Deficiency 
symptoms encountered in the field are seldom as extreme, or as 
clearly defined, as are those which are artificially produced since, 
under field conditions, the deficiency of a nutrient is seldom as 
absolute as in the latter case. Disease and insects will often pro- 
duce plant symptoms closely resembling those resulting from nutri- 
ent deficiencies, or these symptoms may partially or entirely mask 
the signs of plant hunger. In a similar way, symptoms of a 
deficiency of a specific nutrient will be modified by the available 
supply of other nutrients. Thus the symptoms of magnesium defi- 
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ciency in plants growing on soils having a high level of available 
potassium will be more extreme than those of plants growing on 
soils having a lower level of available potassium. The symptoms 
of boron deficiency are e.xaggerated under conditions of high nitrogen 
supply. Deficiency symptoms of two or more plant nutrients may 
develop simultaneously and result in abnormalities which are not 
specific for either deficiency. 

-Although deficiency symptoms alone are not sufficient to warrant 
the report of a new deficiency within a given area, once that 
deficiency has been established by supporting chemical analyses 
of plants and soil, the extent and reoccurrence of the deficiency may 
be verified by a survey of the prevalence of the symptoms within 
the fields of the area. 

The characteristic symptoms of the nutrient deficiencies of vege- 
table crops which have been discussed in this chapter are summarized 
in the following key: 


KEY TO PL.ANT-NUTRIENT DEFICIENCIES IN VEGET.'VBLE CROPS 


A. Deficiencies producing distinct color changes in foliage. 

B. Symptoms first apparent in young leaves. 

C. New leaves develop light-yellow color, first between veins. Later 
entire leaf becomes yellow in color. Necrosis and dying of 
tissue usually absent. Usually restricted to alkaline or over- 
limed soils 

C. Chlorosis appears first between leaf veins of new leaves and then 
spreads to older leaves. Veins remain green even in advanced 
stages of deficiency. Chlorotic areas become brown or trans- 
parent, and ultimately marked necrosis of affected tissue occurs. 
Deficiency more general on alkaline or overlimed soils although 
known on acid soils 

C. New leaves abnormally small and mottled with yellow, or uniformly 
chlorotic. Necrotic, or dead, areas common 


Element 

deeicient 


Iron 


Manganese 


Zinc 


B. Symptoms first apparent in old leaves. 

C. First indication, ashen gray-green leaves at base of plant. Leaves 
develop a bronze and yellowish-brown color. Leaf margin 
becomes brown. Specks develop along veins of leaf. Tissue 
deteriorates and dies. Roots poorly developed and brown. 
Stems slender, become hard and woody 

C. Chlorosis first appears between veins of old leaves while veins remain 
green. Leaf becomes brittle and its margins curl upward. 
Chlorotic areas turn brown and die. Reddish-purple pigmen- 
tation instead of chlorosis with some crops. Occurs most 
frequently on acid soils 

C. Distinctive mottling occurs in older leaves with veins remaining light 
green. New leaves green at first but become mottled upon 
expansion. As deficiency is prolonged, puffing of chlorotic areas 
occurs, leaves curl inward, and necrosis sets in along leaf tips 
and margins 


Potassium 


Magnesium 


Molybdenum 
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Element 

DEFICIENT 

A. Deficiencies affecting primarily the growing tissues of roots and stems. 

B. Symptoms seldom apparent on older growth. 

C. Stems thick and woody with vegetative growth retarded. Root tips 
die and snuff off with formation of small bulblike enlargements 
on remaining tips. New leaves chlorotic while old leaves remain 
green. New growth lacks turgidity. Terminal buds die in e.x- 
treme cases Calcium 

C. New bud leaves and petioles light in color, brittle, and often de- 
formed in shape. Internodes short with rosetting pronounced at 
shoot terminals. In advanced stages, terminal buds die and new 
growth develops from buds below. Root growth greatly re- 
tarded with dark colored, corky areas forming in bulbous roots 
of such crops as beets, turnips and radishes. Hollow stem is a 
common symptom in cabbage and cauliflower, and crack stem 
in celery. Boron 


A. Deficiencies with localized symptoms. 

B. Retarded growth with leaf chlorosis. 

C. Leaves lack turgidity and exhibit a chlorotic condition as if bleached. 

Growth of entire plant greatly retarded. Most prevalent on 

soils high in organic matter, and on peats and mucks Copper 

C. Retarded growth with stems slender, fibrous and hard. Normal 
green of leaves fades to solid pattern of yellow-green. Plant 
mav become entirelv vellow in extreme cases. Roots often show 

^ ^ w 

greater development than tops in earlier stages of deficiency but 

finally become stunted, turn brown and die Nitrogen 

C. Lower leaves become thick and firm and develop yellowish -green 
color. Stems are hard, woody and abnormally elongated and 
spindly. Root system extensively developed Sulfur 


B. Retarded growth without leaf chlorosis. 

C. Stems slender and woody. Leaves small and often darker green 
than normal. With many crops, undersides of leaves develop 
reddish-purple cast. Development of fibrous roots greatly 
restricted. Setting of fruit and maturity delayed Phosphorus 


NOTES ON CORRECTIVE MEASURES FOR NUTRIENT DEFICIENCIES 

IN VEGETABLE CROPS AND SOILS 

Deficiencies of nitrogen, phosphorus and potassium are readily corrected 
through the application of a suitable grade of commercial fertilizer. On light 
soils, nitrogen is readily lost through leaching, and potassium only slightly less 
so. Side dressings with materials containing one, or both, of these nutrients 
are often beneficial after heavy rains. Phosphorus is rapidly fixed in an unavail- 
able form in acid soils. 

Calcium and sulfur are rarely deficient in vegetable soils since both nutrients 
are supplied in common fertilizers and calcium is a principal constituent of lime. 

Magnesium deficiency is readily corrected through the use of dolomitic lime. 
Where it is undesirable to apply lime, magnesium can be supplied to the soil in 
the form of soluble magnesium salts. Usually 30 to 40 pounds of magnesium 
oxide per acre are sufficient. 

Copper deficiency occurs most frequently on peat soils of high organic-matter 
content. The deficiency is corrected by the application of copper sulfate with 
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recommended rates varying from 20 to 200 pounds to the acre. The smaller 
amount is usually sufficient. 

jManganese deficiency may be corrected by applying manganese sulfate to 
the soil at the rate of 50 pounds to the acre, or by spraying the affected plants 
with a weak solution of manganese sulfate (0.25 percent by weight). 

Boron deficiency is corrected by the application of borax, or boric acid, to the 
soil, or directly to the plants as a spray. Rates of application vary from S to 
50 pounds per acre, there being great variation in the tolerance and requirements 
of different crops for this nutrient. 

Zinc deficiency may be corrected by applying zinc sulfate to the soil at the 
rate of 20 to 30 pounds per acre, or by spraying affected plants with a 0.50 
percent zinc sulfate spray. 

Iron deficiency may be corrected by acidifying the soil, or by spraying affected 
plants with a weak solution of iron sulfate (0.25 percent by weight). 

Molybdenum deficiency has been reported only from California, It may be 
corrected by application of sodium molybdate at the rate of approximately 2 
pounds to the acre. 
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Courtesy of K. A. Ttedjens, .Veit' Jersey Agricttltural Experiment Station 

Plate 1 . — Steins and leaves of tomato plants grown under conditions of nitrogen shortage, show- 
ing, in the specimen on the right, the pale-green color of the tips of plants, the purple ribs of the 
underside of the leaves and stems, and the pale-green leaves fading to yellow; and. on the left, 
the golden-yellow leaves with hard, fibrous, bronzed stems manifesting extreme nitrogen 

deficiency. 
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Coitrtrsy oj S. F. T/iornton and Mark Drake, /ndtaita A,ir}( idtnral Experiment Station 

Plate 3 , — Radishes grown in a sand-soil mixture in pots, fertilized with (1) ammonium nitrate, dicalcium phosphate, and potassium chloride; 

(2) potassium omitted; (3) phosphate omitted; and (4) nitrogen omitted. 
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.1, Courtesy t»/ 1'. .1. Tied tent, .V'X Jersey Atri ulf ur : L 

fi, Courtisy Of 1. C. Holman. <^hio 
Plate 4. — A, potassium shortage in tomato leaves. Upper left and lo^^er ri^ht. ear 
center, later sta^e; upper rijSht and lower left, well-developed symptoms. B. toroat 

potassium-deficient plants, left, and from normal plants, ri^nt- 
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9- '■'>?'■«« Truck Experiment Station- 

o, r e ' • •'• Tiedjens. At-» Jersey Agricultural Experiment Station 

Plate 5.-A ear y stage, and B late stage of potassium deficiency in cabbage leaves from plants 

grown in field plots on a typical southeastern truck soil. C is a normal cabbage leaf Leaf A 

shows bronzing between the veins of the inner part. Leaf B shows brown spots D Ad 

vanced stage of magnesium-deficiency symptoms developed in sand culture. The mottled 'snots 

have turned pale yellow to white, and, with the rim of the leaf, will turn brown, decav and die 
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Courtesy of I*. .1. Tiee/Jens, Jersey Agricuitural Exfierinu nt . 

Plate 6 , — Tomato leaflets, stalk, and leaves exhibiting phosphorus-deficiency symptoms. sho"m 
reddish-purple veins on the underside of the leaflets and on the stems of tomato plants gro 

in nutrient solution-sand cultures. 
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p ^ ^ Tkdjens, .Xcw Jersey Agricultural Experiment Station 

Plate 7.— Various stages of magnesium-deficiency symptoms in tomato leaves from plants grown 
m nutrient solution and sand cultures— early stage in leaf at the top and severe stage in leaflet 
at lower left; center and lower right, intermediate stages. The early deficiency symptoms are 
exhibited by pale-yellow areas between the yeins of the leases. In the later stages these 

deyelop into brosvn and black areas. 
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Court t'S\ of R. L. Carolus. Virginia Truck Experiment Station, and 

B. E. Bro-icn, V. S. Department of AgrtcuHure 

Piute 8. — Leaves ileft) from normal and (ri^ht) from magnesium-deficient turnip plants, both 
grown in field plots at the V irginia Truck Experiment Station. The outline of the magnesium-defi- 
cient leaf is ragged owing to disintegration of the outer edge. The inner areas are very chlorotic. 



Plate 9. 


Courtesy of Soils Department, Wic Jersey Agricultural 

Magnesium-deficient leaves from field-grown sweet potato plant. Termina 

on same vine were normal in color. 
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1 2 3 

Courtesy oj IT. L. Powers, Oregon Agrictilfural Expirhucnt Station 


Plate 10 . — Celery plants grown in boron-deficient soil. (1) Healthy plant grown in soil to 
which boron was added; (2) and (3) plants showing crack stem and decay due to boron deficiency. 


t 



Lourtts^.' oj II . L. Powers, Oregon Agricultural Experiment Station 
Plate 11 . — External and internal appearance of beets grown in a boron-deficient soil 
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Courtesy of C. II. Dearborn , II, C. Thompson . and G. J. Raleigh, 

N eiv York (Cornell ) .{gricult ural E.\'Perinttnl Station 

Plate 12 . — Cauliflower grown in a boron-deficient soil, showing hollow stem and bronzing, symp- 
toms of boron deficiency. Left, normal plant grown in soil receiving 10 pounds of borax per 

acre : right, plant grown in soil to which no borax was added. 





Plate 







7.?.— M 


Courtesy of Soils Depart nii tit , Jersey Agrii ulturj! E.^pernfJt ^ 

anganese-deficiency symptoms in field-grown spinach plant. Note mott 

crinkling of leaves and spots of dessicated tissue. 
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Courifsy of J. B. Hester, Virginia Truck Experiment Station 

Plate IS . — Leaves from normal and manganese-deficient bean plants grown on a neutral truck-crop soil at the Virginia Truck 
Experiment Station. Left, normal leaf; center, leaf showing early stages of manganese deficiency; right, leaf showing late stages 

of manganese deficiency. 



Courtesy oj G. V, C. Houghlandy Bureau of Plant Industry^ Soils and Agricultural Engineering. 

U, S. Department oj Agriculture 

Plate 16. — Magnesium-deficiency symptoms In onions. The first symptoms to appear are irregular 
elliptical-shaped areas, almost white in color, near the ends of the leaves (11). Normal plant 

at ri^lht. 
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Courtis:^ oj G. W C. Iloaghiand, Bunatt oj Plont ffidustry. Saris 


{ . S Oepartnu nt 0} Aert 

Plate y/.—^Pioron-deficiencv s\ mptoms in onions. Note marked stunting and distortion j 

' ' ... . .11 ni^ veilo" 


ih. 


i.eaf color varies from dark *j*ray ^reen to deep blue green, becoming *ti«^**®)*. " ,,..,«^verse 
green in the youngest leaves. The leaves become very stiff and brittle, and ladderlike 

cracks appear on the upper sides of the basal leaves (11). Normal plant on ri-, 
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CHAPTER VII 


Nutrient-Deficiency Symptoms 

in Deciduous Fruits 

O. Davidson and IfV^/cv P, Judkins^ 


r 





HIS chapter describes in some detail the symptoms of nutrient 
deficiencies observed in apples, peaches, strawberries and 
grapes. Other deciduous fruits are included only incidentally 
because of the relative infrequency with which nutrient deficiencies, 
other than that of nitrogen, have been encountered in these crops. 

In general, the symptoms described for apples resemble very 
closely those for corresponding deficiencies in other pome fruits, and 
those described for the peach resemble the symptoms found in other 
stone fruits. Differences in manifestation are more a matter of de- 
gree than of kind. In fact, one who is familiar with the symptoms 
of a particular nutrient deficiency in the apple or peach should be 
able to identify a lack of the corresponding nutrient in deciduous 
small fruits as well as in other tree fruits. 

A key to deficiency symptoms in deciduous tree fruits is given at 
the end of the chapter. 

When different kinds of fruit are grown in the same district, it is 
not uncommon to find different species affected by the same de- 
ficiency. Thus, on light sandy soils, peaches, apples and pears are 
prone to develop nitrogen deficiency. In regions where boron 
troubles are common, and apples, pears and cherries are grown, 
all may develop a deficiency of this nutrient. Likewise, in parts of 
California where zinc deficiency is common, apples, peaches, cher- 
ries, apricots and walnuts are affected. Nevertheless, there may 
be marked differences in the susceptibility of one kind of fruit as 
compared with another to the same nutrient deficiency. 


APPLES 

Bearing apple trees are large plants and as such have a capacity 
to store comparatively large quantities of nutrients. IMoreover, 
their seasonal period of rapid vegetative growth may be short, 
whereas the absorption of nutrients by the roots is known to con- 
tinue throughout nearly the entire year in some fruit regions and 
during a much longer time than top growth in all locations. Be- 

’O. Wesley Davidson is professor and research specialist in ornamental horticulture, Rutgers 
University; and Wesley P. Judkins is associate professor and associate pomologist, Ohio State 
Universitv. 
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cause of these conditions apple trees require only a moderate degree 
of soil fertility, and they are relatively slow in responding to a 
nutrient deficiency. For the same reason numerous and contra- 
dictory recommendations are found concerning the fertilization of 
this crop. 

Deficiencies of all the major and most of the minor nutrients 
have been known to occur in various commercial apple orchards 
throughout the United States. The manifestations of these de- 
ficiencies are not greatly unlike those described for tobacco. In 
well-developed stages the symptoms of each nutrient deficiency may 
be recognized readily by those familiar with them. In the early 
stages, however, deficiencies other than those of nitrogen and boron 
would be difficult to identify with assurance by means of the tree 
svmptoms alone. For the identification of such deficiencies it may 
be convenient to refer to plant tissue tests, or to indications in cover 
crop or sod plants, or to soil analyses. 


Nitrogen Deficiency 

INIost apple growers are familiar, in a general way, with some of 
the symptoms of nitrogen deficiency in their trees. This is the 
most common nutrient deficiency in commercial apple orchards and 
the one that is most readily corrected. There are, however, an in- 
finite number of degrees of nitrogen deficiency. Only a severe de- 
ficiency of this nutrient causes injury to the tissues of a tree, but all 
degrees of nitrogen deficiency result in a retardation of gro^^ th. 
Depending upon circumstances, this may be advantageous or dis- 
advantageous. In the hands of experienced fruit growers, nitrogen 
manipulation becomes a valuable means of exercising a high degiee 
of control over the quality of growth produced by trees. Conti o 
over nitrogen supply results in an indirect control over carbohydiate 
utilization in the trees, which, in turn, assists in improving bud se^. 
fruit color and winter hardiness. Because of this, nitrogen is some- 
times referred to as ^^the balance wheel in plant nutrition. If 
nutrients, water, light and temperature are favorable, tree grovv 
can usually be accelerated or retarded by controlling the nitrogen 

supply. . • 

A deficiency of nitrogen may occur at any time during the giov ^ 

season in trees of any age. The symptoms are manifested in 
ways according to the part of the season at which the e cie 

develops and its severity. . 

In the spring, when a rapid renewal of growth is taking p 
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deficiency of nitrogen may result in a relatively small set of fruit 
and be associated with leaves that mature without attaining normal 
size. Nitrogen deficiency at this stage frequently is overlooked, 
for the young foliage and twigs do not then exhibit the hard growth 
condition and pronounced discoloration usually associated with a 
lack of nitrogen later in the growing season. For the most part, 
this form of nitrogen deficiency is avoided by early spring fertiliza- 
tion. In general, the deficiency ma}^ be foretold the previous sum- 
mer or early fall by the appearance of symptoms of nitrogen hunger. 
Compton et al. ( 5 ) have established color standards by which the 
relative supply of nitrogen in JMcIntosh apple leaves sampled be- 
tween mid-July and late August under New York conditions can 
be estimated by comparison with a range of seven green colors. 

Through most of the spring and summer, nitrogen deficiency is 
indicated by a gradual decrease in greenness and associated increase 
in yellowness of mature leaves. In all instances, the symptoms 
appear first near the base of the current growth and progress toward 
the tip. If the deficiency is a severe one. however, as in orchards 
where it has been allowed to develop over a period of a year or 
more, or if the trees are young, yellow foliage may appear at the 
tips of twigs soon after the basal leaves are affected. At the same 
time, new leaves fail to attain their normal size for the variety, 
and the leaf stalks (petioles) tend to form narrow angles with the 
stems. Nitrogen deficiency is associated with a gradual accumula- 
tion of carbohydrates and anthocyanin (purple ) pigments, and with 
a general decrease in vegetative activity. Twig growth, therefore, 
becomes stiff and woody, limited in length and diameter, and red- 
dish or brownish in color. These symptoms are illustrated in plate 
1. page 253. Elongation of twigs and spurs stops early. 

Trees affected by a mild lack of nitrogen may mature fruits of 
normal or nearly normal size and good color. When the nitrogen 

is very pronounced, fruits become drastically reduced 
in size and tend to ripen and drop prematurely. Such trees, more- 
ov’er. are apt to set fruit poorly in the spring. 

In some instances, a deficiency of nitrogen may be forecast by 
the appearance of surrounding vegetation. Where apple trees de- 
velop a pronounced deficiency of nitrogen, nonleguminous sod 
plants, cover crops or weeds in the orchard usually are stunted in 
size and yellowish in color. 
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Phosphorus Deficiency 

IMany cover-crop and sod failures in orchards are caused by in- 
sufficient phosphorus. The accumulation of a high degree of acidity 
in orchard soils is conducive to a low availability of phosphorus to 
the trees. This condition leads in time to unsatisfactory tree 
growth. Phosphorus, however, is not required by apple trees in 
such large quantities as nitrogen, potassium or calcium. Mature 
apple trees, moreover, may store amounts of phosphorus adequate 
to sustain apparently normal growth for several years after the soil 
has become deficient in this element. Such growth is often ac- 
complished by the redistribution of phosphorus from mature tissues 
to growing parts, where it is used over again. This is 

^ ^ ^1 ^ 1 

the death of many cells and the weakening of others in tissues from 
which phosphorus is withdrawn, to such an extent that the hardiness 
of the tree is seriously affected. When the supplies of phosphorus 
in the tree and in the soil are no longer sufficient to meet the require- 
ments for this apparently normal growth, deficiency symptoms 
appear. 

Nursery apple trees have small reserves of phosphorus and. owing 
to their relatively rapid growth, are likely to exhibit deficiency 
symptoms within 2 or 3 months when planted on soils lacking this 
nutrient. 

As the phosphorus supplies of apple trees fail to meet the require- 
ments for growth,. the foliage retains a good color, or it may appear 
somewhat darker than usual. New leaves do not attain normal size, 
and the twigs — ^which may or may not be curtailed in linear growth, 
depending upon the severity of the deficiency — do not reach normal 
thickness. At the same time branching becomes obviously re- 
stricted. Phosphorus-deficient trees, like nitrogen-deficient ones, 
develop leaves with narrow petiole angles. The petioles and the 
veins of the lower leaf surfaces may become conspicuously purplish. 
These symptoms are illustrated in plate 2, page 254. In the early 
phases of phosphorus deficiency the utilization of sugars appears 
to be retarded and hence they accumulate. This results in the 
development of abnormal amounts of anthocyanin pigments, so that, 
particularly during cool spring or summer weather, all of the current- 

season growth may appear purplish or purplish red. 

If the deficiency is allowed to become severe, the oldest leaves 
develop a mottled appearance with yellowish-green and dark-green 
areas. These mottled leaves soon drop. Twig diameter on sue 
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trees is conspicuously small, and fruit-bud formation is seriously 
reduced. 

There is also some evidence of a lack of normal winter hardiness 
in phosphorus-deficient trees. 

Potassium Deficiency 

Potassium requirements of apple trees are about as large as or 
larger than those for nitrogen. Nevertheless, in many commercial 
orchards the amounts of potassium applied are small in comparison 
with those of nitrogen. Under such conditions, apple trees are de- 
pendent upon the inherent and residual supplies of potassium in 
the soil. When these fail to meet the requirements for growth, 
symptoms of potassium deficiency develop. The relative ease with 
which these symptoms may be identified is dependent upon the 
severity of the deficiency. 

Where the potassium supply of an orchard soil is inadequate to 
meet the requirements of the trees, this condition is usually indi- 
cated in the growth of cover crops. The latter often have high 
potassium requirements compared with those of apple trees, and 
consequently may show symptoms of potassium hunger several 
seasons earlier than the trees grown on the same soil. Both strongly 
acid soils and soils abundantly or excessively supplied with calcium 
and magnesium are conducive to the occurrence of potassium de- 
ficiency in apple trees. 

Trees affected by a mild deficiency of potassium may easily be 
confused with trees slightly lacking in nitrogen. Indeed, the symp- 
toms exhibited may actually be those of nitrogen deficiency, since 
it has been found that apple trees lacking adequate amounts of 
potassium cannot utilize nitrates efficiently. Moreover, in the early 
stages of potassium deficiency carbohydrates accumulate in the tree. 
Associated with this is a slightly yellowish-green color of the foliage, 
and the amount of yellow (or red, depending on the variety) in the 
twigs also may increase. 

In apple orchards in which pronounced symptoms of potassium 
deficiency have appeared a characteristic t5q)e of foliage necrosis 
(death of tissues), or “scorch,” develops after the terminals have 
made several inches of growth. The first leaves to be affected are 
those near the middle or slightly below the middle of the current- 
season growth. From this portion, the injury spreads toward the 
tips and bases of affected twigs. The areas which later develop 
scorch are usually located along or near the leaf margins, and first 
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appear as dark-purplish discolorations as shown in plate 3, page 255. 
These discolored portions are plasmolyzed areas (that is, cell sap 
is extruded into the spaces between the cells, giving the tissue a 
water-soaked appearance) and they usually develop into scorched 
ones within a few hours or a day during warm summer weather. 
As a result of the relative inelasticity of the dead areas, subsequent 
growth in adjoining tissue causes crinkling and curling. The in- 
tensity of leaf scorch varies with the severity of potassium de- 
ficiency. Thus trees in which potassium is moderately deficient 
exhibit a type of scorching that is very largely confined to the 
leaf margins, as shown in plate 3, page 2 55. When there is a 
severe deficiency, scorched areas develop throughout the blade 
tissue, as shown in plate 4, page 256. 

The symptoms of potassium-deficiency scorch on apple foliage 
are shown in plates 3 and 4. The plants from which these illus- 
trations were made were grown in a greenhouse, where it was pos- 
sible to obtain leaf specimens that were free from spray burning 
as well as from insect and disease injury. Because of this, the final 
leaf color developed by the scorched areas was somewhat lighter 
and brighter than that of leaves found in the orchard. When the 
scorched areas are exposed to rain in the orchard they assume a 
dull brown color that is several shades darker than that illustrated. 

Following the development of scorch, new leaves fail to attain 
normal size. This reduction in leaf size becomes more pronounced 
as potassium deficiency increases in severity. 

It is characteristic of the necrotic or scorched leaves of the apple, 
as well as those of most plants affected by potassium deficiency, 
to remain attached to the stems or twigs for some time after they 
have dried up. 

Preceding the plasmolysis and purpling, potassium is withdrawn 
from the affected areas and moved to the growing tips and newly 
expanding leaves. This transfer and reuse enables trees that are 
not too deficient in potassium to make as much or nearly as much 
linear growth as normal trees. The growth produced by the de- 
ficient trees, however, is characteristically slender. Moreover, 
limited observations both in the United States and in England have 
shown that potassium-deficient apple trees are abnormally sus- 
ceptible to wilting. 

If the deficiency is not too severe, scorched trees may set an ab- 
normally large number of small fruit buds. These buds blossom 
and set a fair amount of fruit, but owing to the weak condition o 
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the trees and the reduced leaf area, the mature fruits are abnormally 
small. 

CaI-CIL’M iJttICIKNCV 

The role of calcium in the apple orchard is often confused with 
that of lime. Calcium comprises a large portion of the ash of apple 
trees and is absolutely indispensable to growing tissues. On the 
other hand, the fact that productive apple orchards are found on 
strongly acid as well as neutral soils has led some people to under- 
estimate the importance of calcium in practical fruit growing. For 
the most part, the occurrence of calcium deficiency is confined to 
soils having an inherently low supply of the element rather than 
to those that are strongly acid. The latter condition is conducive 
to rapid losses of calcium, but, since some acid soils are derived from 
rocks well supplied with this element, soil reaction alone is not neces- 
sarily an indication of the calcium supply. The influence of soil 
acidity on plant nutrition in general has been discussed in the first 
chapter of this book. In a few instances, a deficiency of calcium 
in apple orcharils has been induced by the e.xcessive use of potash 
fertilizers on soils inherently low in calcium supply. 

Because apple trees grow to be large plants and because they 
succeed best on well-aerated soils, they are dependent on the subsoil 
for much of their moisture supply during the summer season. It is 
important, therefore, that the trees develop their roots to such a 
depth and e.xtent that they can procure whatever soil moisture is 
available during drought periods. For this reason an adequate 
supply of calcium is very important, since a deficiency has a retard- 
ing effect on root growth. 

The symptoms of calcium hunger in apple trees usually become 
evident in the roots before they do in the tops. The extent to which 
fruits manifest calcium-deficiency symptoms is dependent upon the 
degree to which the calcium supply is limited. Calcium-deficient 
mots are abnormally short and stubby. In the case of a mild de- 
ficiency the tips of new roots stop elongating early, while the cortex 
— the outer layers of cells — continues to thicken and new roots 
emerge in abnormal abundance a short distance behind the tip. 
When the calcium supply actually fails to meet the demands for 
growth, apple roots die back from the tips to the old, woody 
portions. Many new rootlets usually emerge from the live tissues 
a short distance behind the dead tips. Masses of short, stubby, 
excessively branched roots, as illustrated in figure 1 . are indicative 
of calcium deficiency. 
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Symptoms of mild calcium hunger may be exhibited by apple 
tree roots without the occurrence of distinctive deficiency charac- 
teristics in the top, although the growth of affected trees becomes 
retarded. This form of calcium deficiency occurs more frequently 
than that associated with foliage necrosis. Inasmuch as the roots 
of apple trees may be expected to reveal symptoms of calcium de- 
ficiency soon after such a condition develops in the soil, root growth 
is a more reliable index of the adequacy of calcium supply than is 
top growth. 



Figure 1 . — Symptoms 

bulbous, and 


of calcium deficiency 
usually die back from 


in apple roots. Roots 
the tips after making a 


tend to be somewhat 
short growth. 


If young trees are planted in a soil very deficient in calcium, they 
may make several inches or a foot of growth and then form terminal 
buds. The foliage on these trees may show none of the specific 
symptoms of calcium hunger but may appear relatively normal ex- 
cept for a reduction in size. This has occurred repeatedly under 
experimental conditions and has been observed to occur in orchards. 
Calcium is required primarily in regions of new growth, and it is 
not transferred in significant amounts during the growing season 
from old to new tissue. Thus there may be considerable amounts 
of calcium compounds present in mature portions of plants whose 
tip growth has been inhibited by a lack of calcium. During the 
dormant season, some supplies of calcium are liberated in a soluble 
form by the break-down (hydrolysis) of previously insoluble cal- 
cium compounds in mature tissues and by the death of some cells. 
The liberated calcium is available for new top and root growth the 
following spring. 



NUTRIENT-DEFICIENCY SYMPTOMS IN DECIDUOUS FRUITS 223 


After several inches or a foot of new twig growth has formed, 
discolorations and necrotic areas develop on the young leaves ( plate 
5, page 257). The tips and sometimes the margins of affected young 
leaves may curve downward. Injury to the tip leaves is soon fol- 
lowed by the appearance of areas of dead tissue on nearly mature 
leaves that are still growing. Death of the discolored areas of 
leaf tissues is preceded by the development of light-green areas 
that usually turn a dull dark brown in a day or two. 

When young apple trees are planted on soils which, although 
lacking an adequate supply of calcium, provide very limited amounts 
to the roots, the symptoms of deficiency are the same as those just 
described for young trees in their second season. 

The supplies of calcium available to the growing twigs of mature 
apple trees are depleted only gradually. Consequently the rather 
sudden arresting of growth described for newly planted apples is 
not likely to occur. 


Magnesium Deficiency 

The soils of many commercial apple orchards in parts of New 
York and New England are now known to contain too little mag- 
nesium to meet the requirements of the trees. Although a lack of 
magnesium is most apt to be encountered in light soils that are 
acid it also occurs on heavy soil. In orchard soils inherently low 
in magnesium, the continued use of potash fertilizers has been found 
conducive to the development of magnesium deficiency. Similarly 
lack of adequate magnesium has been associated with the use of 
relatively large amounts of nitrate of soda or high-calcium forms 

of lime. This deficiency is especially favored by heavy, leaching 
summer rains. 

Symptoms of magnesium hunger are very distinctive. When the 
deficiency first develops and before any foliage necrosis occurs, 
leaves have the lush, dark-green color of trees abundantly supplied 
with nitrogen. With young, rapidly growing trees on light soils, 
this stage is often accompanied by the appearance of chlorosis on 
the young terminal leaves. Later, mature leaves near the base of 
the current season s growth develop light-green or grayish-green 
blotches between the veins. These blotches frequently extend to 
the leaf margins, although they may occur near the middle of the 
blades. The light-green or grayish color on any leaf seldom lasts 
more than a few hours or half a day before turning a fawn color 
and then a dark brown. This may be followed in a day or two by 
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the shriveling and falling of affected leaves. The effect of mag- 
nesium deficiency in defoliating 1 -year-old apple trees is illustrated 
strikingly in figure 2. The defoliation progresses rapidly toward 
the terminals until only a rosette of soft, thin, light-green leaves 
may remain. Progressive stages of leaf blotching caused by mag- 
nesium deficiency in mature twig foliage are shown in plate 7, page 
259. A large portion of the magnesium in the affected or blotched 






Figure 2, — Diagram- 
matic illustration of 
progressive leaf fall 
as a result of mag- 
nesium deficiency on 
1 - year-old apple 
trees. Black areas 
indicate blotched 
portions of leaves. 


leaves is translocated to the growing tips. This enables growth to 

continue even on trees that show severe defoliation. 

In mature apple orchards lacking adequate magnesium, symp- 
toms of the deficiency are apt to occur during late July or in 
August. The blotched leaves on these trees are not so apt to orop 
soon as are affected leaves on young apple trees. Spur leaves as 
well as twig leaves may develop blotch. Since leaves as well ^ 
magnesium are essential to carbohydrate manufacture by trees, t e 
defoliation and blotching that accompany magnesium hunger resu 
in a soft type of growth. Fruits on such trees, therefore, aro 
abnormally small, and poor in color and in edible quality. Experi 
ence with 1 -year-old trees, moreover, indicates that magnesium 
deficiency greatly reduces their resistance to winter injury. 
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Boron Deficiency 

The soils in many apple-growing regions are deficient in boron 
unless this nutrient is added by fertilizers or is sprayed on the 
trees. A lack of this so-called minor element is apt to cause serious 
loss in commercial apple orchards. Various types of boron de- 
ficiency have been given descriptive names by growers and in- 
vestigators. “Drought spot,” or external cork; “corky core,” or 
internal cork; and “drought dieback” in apple trees are known to 
be due directly to boron deficiency. 

Boron deficiency occurs on a wide variety of orchard soils. It is 
found on limestone soils, on acid soils, on sandy soils, on stony soils 
in hilly regions, on dry soils, and on excessively wet soils. In 
regions affected by the deficiency, it is most common during dry 
years. Applications of nitrogen, by increasing the growth of apple 
trees, also increase the boron requirement, thereby augmenting 
the deficiency. It has been shown also that in some regions ex- 
cessive liming, especially on strongly acid soils, is conducive to the 
development of this trouble. 



Figure i.— Symptoms of boron deficiency in apples: Internal cork in McIntosh fruits This 

type 01 boron deficiency usually develops during the late summer. 

As long as any part of an apple tree is growing, it needs a con- 
tinuous supply of boron. This nutrient is not stored in the plant 
tissues and transferred to regions of new growth as is the case with 
some other nutrients. Because of this, a deficiency of boron may 
develop at almost any time during the growing season. Moreover, 
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the ailment may develop for the first time in either a mild or a 
severe form. It may be manifested one year by one group of 
symptoms and another year by a different group. Thus it is not 
uncommon for a tree to develop internal cork on the fruit one year 
and external cork the following year. 

Internal cork may develop in the fruit on boron-deficient trees 
any time from 2 weeks after petal fall until harvest. Roundish 
water-soaked areas develop in the flesh and change quickly to 
brown-colored lesions which dry and become corky. These areas 
may develop anywhere throughout the flesh. When internal cork 
develops early in the growing season, the affected fruits become 
deformed and tend to drop badly. Apples developing internal cork 
late in the season show larger and more diffused brown lesions, but 
they are not misshapen. McIntosh fruits affected by late internal 
cork are illustrated in figure 3. The brown lesions developed in 
mature fruits may have a decidedly bitter taste, the apples mature 
early and drop prematurely, and red varieties often show more or 
less bronzing. 

External cork always develops early in the growing season and 
may appear within 2 weeks after petal fall. The first symptom 
is the occurrence of water-soaked, dead areas of the surface of the 
young fruits. Although these areas may appear on any portion of 
the fruit, they are most apt to occur on the inner or green side. The 
lesions become brown and hard, and, since they are on the surface, 
subsequent growth of the fruit causes cracking, wrinkling and 
scurfing of the skin, as shown in figure 4. Affected fruits may drop 
when they are little more than an inch in diameter or they may 



Figure 4. — External 
cork in McIntosh 
fruits at harvest 
time. This type of 
boron deficiencx 
usually develops 
within 2 weeks after 
petal fall. 


Courtesy of . 1 . B, Burrcli, Corneil Vniversity 
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adhere to the trees. Fruits that are only slightly affected may 
attain normal size. 

According to A. B. Burrell (2), when a serious deficiency of 
boron develops within 8 weeks of petal fall, it is usually manifested 
in the fruit as external cork in the McIntosh, Baldwin, Rome, 
Northwestern Greening and Jonathan varieties. With the varieties 
Fameuse, Ben Davis, Cortland and Rhode Island Greening, the 
external type of cork develops at the surface and remains intact. 
On the other hand, the varieties Wealthy, Duchess of Oldenburg 
and Spy, when affected by the deficiency at this time, develop both 
the external and the internal types of cork, as shown in figure 5. 
Burrell has found that, regardless of the variety, cork developing 
more than 8 weeks after petal fall is usually manifested as the 
internal type. 

Although the losses to apple growers from boron deficiency have 
been due mainly to direct injury to the fruits, considerable damage 
sometimes occurs to the vegetative portions of the trees. Injury 
to the wood may be due to boron deficiency alone, or to a com- 
bination of its direct effects and winter injury caused indirectly by 
the reduced vigor associated with the deficiency. 

Burrell (2) has described three types of boron deficiency in 
apple twigs and leaves in the Champlain Valley region of New 



Courtesy oj A. B. Burrell, Cornell University 

Figure 5.— Oldenburg apples about 5 weeks after petal fall, showing symptoms of both internal 

a,nd external cork due to boron deficiency. 
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York State. The first of these, known as “incipient dieback,” 
appears on twigs in the late summer. Leaves on current-season 
twigs affected by this form of boron deficiency appear yellowish 
with red veins and are somewhat convex and otherwise distorted in 

shape. Necrotic areas subse- 
quently develop at the tips and 
margins. A distinctive symp- 
tom of incipient dieback is the 
occurrence of small necrotic 
areas in the phloem and cam- 
bium tissues (bark, and tissue 
between bark and wood) near 
the twig tips. Burrell reports 
that this necrosis is found espe- 
cially under axillary leaf buds. 
The enlargement of these areas 
results in death of the twigs 
from the tips downward. 

A second type, known as “die- 
back,” has been found in boron- 
deficient orchards in New York 
State and in the Provinces of 
New Brunswick and British Co- 
lumbia. The first indication of 
this form of deficiency may be 
observed in the spring when 
otherwise normal buds fail to 
develop or make a delayed and 
feeble growth and soon die. Af- 
fected twigs may die back from 
their tips to wood that is several 
years old. Subsequently, an 
abnormal number of small twigs 
may branch out from wood just 
below the dead portion. These 
new branches may soon die back in a similar manner and tend 
to stimulate the development of another set. This process gives 
rise to an excessively branched condition often known as “Witch s 

broom,” which is also common in boron-deficient roses and toma- 

/ * 

toes. Boron deficiency of this type may kill an apple tree m a 
few years. 



Courtesy of A. B. Burrell, Cornell University 
Figure 6 , — Rosette and dieback of McIntosh 
apple tree caused by boron deficiency. Leaves 
are narrow, thick, and have smooth rather than 

serrated margins. 
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Another form of boron hunger is manifested by the production 
of dwarfed, thickened and brittle leaves arising from nodes sepa- 
rated by abnormally short internodes. The effect produced is that 
of a rosette of leaves, and hence Burrell has applied the term 
“rosette” to this form of the deficiency, which also occurs in roses 
and other plants. Burrell has made the interesting observation 
that the rosette leaves have smooth rather than serrated margins. 
Rosette and dieback may develop on the same branch, as shown 
in figure 6. 

Zinc Deficiency 

The growth of apple trees is seriously curtailed by a lack of 
zinc in a number of different fruit-growing regions in the United 
States, and on vastly different soil types. In some of the sandier 
areas it seems likely that the zinc supply of the soil may be 
depleted, but in some other regions this has not occurred. It is 
known, however, that some soils have a high capacity for zinc 
fixation, which may possibly account for the development of zinc 
deficiency in trees grown on them. The deficiency is responsible for 
rosette of apple and pecan trees, “little leaf” of stone fruits and 
grape fruits, “mottle-leaf” of citrus, and “yellows” of walnuts. 
The symptoms of zinc deficiency in these various fruits show marked 
similarities. 

Apple rosette, caused by zinc deficiency developing in the spring, 
is characterized by whorls of small, stiff and sometimes mottled 


Figure 7. — Symp- 
toms of zinc de- 
ficiency in apple. 
Branch on left 
shows normal 
growth a year after 
treatment with zinc 
sulfate. Branch on 
right was not 
treated with zinc 
sulfate and shows 
dieback, rosette and 
small foliage due to 
zinc deficiency. 
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Courtesy of H . It. Ridgway, Hampton Institute 
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leaves near the tips of current-season twigs. Many of the leaves, 
in fact, may be no more than an inch in length and a quarter inch in 
width. Except for these terminal rosettes, the twigs may be bare 
for some time. Following this, branches arise from below the 
affected twigs ; these usually produce leaves that are nearly normal 
early in the season but later become mottled and misshapen. Fruit- 
bud formation is severely reduced, and the fruits that develop are 
usually small and malformed. Twigs may begin to die back after 
the first year. 

Less severe types of zinc deficiency are associated with the forma- 
tion of prominent rosettes of small, narrow, chlorotic or mottled 
leaves after twigs have grown several inches. Most of the leaves 
formed before the development of the rosette tend to drop off. 
Twigs are spindling and short. Few fruit buds are formed on 
affected branches. Just as in severe cases, branches arise from below 
the affected twigs and produce fairly good leaves. These symptoms 
are illustrated in figure 7. 


PEACHES 

Nutrient deficiencies are somewhat more common in peaches 
than in apples, owing primarily to three factors: (1) Peaches are 
frequently grown on soils that are lighter and inherently less fertile 
than those ordinarily used for apples. (2) In general, peach trees, 
especially young ones, grow at a faster rate than do apple trees. 
]Moreover, they normally continue rapid growth for a longer period 
than do apple trees. Other things being equal, the nutrient require- 
ments of a plant increase in proportion to its rate of growth. (3) 
Peach trees are poorer competitor plants than are apple trees; con- 
sequently they soon show signs of starvation when crowded by 
weeds or cover crops on inadequately tilled soil. 

It may be indicated at this point that peach trees on very light, 
sandy soils may be prone to exhibit symptoms of nitrogen deficiency 
periodically even when well fertilized with nitrogen. When soil 
moisture is not provided in adequate amounts the utilization of 
nitrogen by trees is inhibited. Likewise, peaches on very acid 
soil may make an unsatisfactory growth except when abnormally 
large amounts of fertilizer are used, and even then, in some in- 
stances, they may grow poorly. When endeavoring to account for 
unsatisfactory growth of peach trees, these limitations must be 
considered. 
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Nitrogen Deficiency 

In peach orchards, deficiency of nitrogen occurs more commonly 
than that of any other nutrient. The symptoms of pronounced 
nitrogen hunger are familiar to commercial peach growers, for even 
on relatively good soil the trees may develop the symptoms within 
a very short time if they are forced to compete with weeds on 
untilled or inadequately tilled land. Indeed, unless special pre- 
cautions are taken, as for example mulching and frequent applica- 
tions of nitrogen fertilizers, it is sometimes difficult to prevent the 
development of nitrogen deficiency in peach trees grown in sod. 
Likewise, where young, rapidly growing peach trees are planted on 
light, sandy soils, symptoms of nitrogen deficiency may occur within 
a few days after heavy leaching rains in late May and June. It 
is important that the symptoms of nitrogen deficiency are readily 
recognized, for prompt and appropriate attention usually corrects 
the deficiency before any substantial damage is done to the tree. 
On the other hand, a delay of two weeks may seriously reduce growth 
and yield and may weaken young trees. 

In the initial stages of nitrogen deficiency, mature leaves located 
near the bases of current-season twigs gradually become yellowish 
green and then greenish yellow. This is followed by a retardation 
of growth and a readily discernible stiffening of growing shoots 
2 to 4 inches behind their tips. These symptoms may appear very 
quickly. If the deficiency continues to develop, leaves become 
yellowish green progressively from the bases to the tips of current 

growth. Simultaneously, twigs become spindling, short and stiff, 
with brownish-red or purplish-red bark. 

Nitrogen is translocated from mature or slowly growing tissues 
to regions of active growth. Consequently, the deficiency symp- 
toms may develop to a pronounced degree on the older and lower 

twigs of a peach tree while well-exposed upper branches show only 
mild symptoms. 

When linear growth on short twigs is checked considerably or 
when the young leaves on long current-season twigs are yellowish 
and fail to attain normal size, nitrogen deficiency in the old 
leaves is acute. Leaf color at this stage varies from yellowish green 
at the tips of growing twigs to reddish yellow at the bases, where 
red and brown spots characteristically develop. Depending upon 
the activity of the twigs and the location of the leaves, foliage 
will vary in color from yellowish green, through greenish yellow 
and yellow, to reddish yellow. Red spots or necrotic brown spots 
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are common on all but the yellowish-green leaves, and some may 
be found on these. Leaf discolorations characteristic of nitrogen 
deficiency are illustrated in plate 8, page 260. 

When nitrogen deficiency in peach trees reaches the stage at 
which reddish, spindling twigs with red-spotted leaves are found, 
fruit-bud formation may be severely curtailed. In fact, any de- 
ficiency of nitrogen that causes a reduction in twig growth is apt 
to decrease fruit-bud formation. Moreover, the winter hardiness 
of both twigs and buds may be reduced. Fruits formed on branches 
producing these twigs are usually small and abnormally astringent 
for the variety. With red varieties the color may become dark 
and unattractive. 


Phosphorus Deficiency 

Lack of adequate phosphorus is responsible for considerable 
losses to peach growers each year. A deficiency of phosphorus is 
particularly serious in young and replanted peach orchards, where 
a lack of this nutrient reduces the vigor of the trees to such an 
extent that losses during the first winter are often very high. Where 
the soils are low in phosphorus, cover crops fail or make only poor 
growth. This condition results gradually in reduced vigor in the 
trees and decreased longevity for the orchard. Acid soils, light 
sandy soils, soils particularly low in organic matter, as well as those 
having a high capacity to adsorb phosphorus, are apt to supply 
too little of this nutrient to meet the needs of cover crops or 
trees in peach orchards. 

Since phosphorus can be reutilized in peach trees, symptoms of 
an inadequate supply would be expected to appear first on the old 
leaves of current-season twigs. While this is apt to be the case, 
characteristic symptoms also appear on young foliage at about the 
same time. At the onset of deficiency symptoms peach foliage, 
young and old, attains a dark-green color that might cause it to 
be mistaken for that of a tree well-fertilized with nitrogen. If the 
prevailing temperatures are rather cool at this time, careful obser- 
vation should reveal a purple or bronze pigmentation on the veins o 
the lower leaf surfaces and on the petioles. Regardless of temper 
atures, this stage is followed by a bronzing and tanning of t e 

upper leaf surfaces, as illustrated in plate 10-A, page 261. 
over, if cool weather prevails during this stage, the leaves wi 
show more or less reddish or purplish pigmentation, especially a ong 
the margins of blades and on leafstalks. 


NUTRIENT-DEFICIENCY SYMPTOMS IN DECIDUOUS FRUITS 233 


Associated with the bronze or tan discoloration on the foliage, 
the uppermost new leaves tend to become more erect than usual, 
while those just below the tip stand out approximately at right 
angles to the twigs. The leaves characteristically curve downward 
near the margins and at the tips; this is shown in plate 10-B, 
In general, the newly matured leaves do not attain normal width. 

At about the same time that changes occur in the conformation 
and position of leaves at the tips of current-season twigs, mottling 
develops on foliage at the bases of twigs and progresses upward. 
In some respect this mottling is not unlike that which may normally 
precede the dropping (abscission) of basal leaves. The mottling 
shown in plate 10-C, page 261, however, is characteristic of phos- 
phorus-deficient peach trees and may appear weeks or months in 
advance of abscission, depending upon the degree to which the 
nutrient is lacking. Instances have been observed in which peach 
trees deficient in phosphorus lost nearly all leaves except those near 
the tips of twigs. Afterward, the trees renewed their growth and 
developed leaves which, although they showed symptoms charac- 
teristic of phosphorus hunger, held through most of the season. 

Peach trees only slightly lacking in phosphorus may make a fair 
growth, but they develop relatively few branches. The latter, 
moreover, are rather slender. If the deficiency is severe, whorls 
of leaves form at the tips of twigs after little more than a quarter 
of the normal growth has been produced. 

Potassium Deficiency 

Peach trees have a relatively high requirement for potassium 

and consequently are apt to develop symptoms of potassium hunger 

unless the soil is adequately supplied with this nutrient, either from 

its inherent mineral content or from applied fertilizers. Peach 

trees may show symptoms of potassium deficiency in the same 

orchard where apples show little or no definite evidence of a lack 

of this nutrient. This is probably due to the fact that peaches 

usually require as much if not more potassium than do apples, and 

also because their period of rapid growth is normally longer than 
that of apples. 

Potassium deficiency occurs in commercial peach orchards 
planted on light sandy soils, droughty shales, limestone soils, acid 
soils, soils with high potash-fixing or adsorbing capacity, and also 
on soils that are for one reason or another abnormally low in 
organic-matter content. On light sandy soils, potassium deficiency 
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can be induced in peaches by excessive applications of lime. 
Although the lime may have a beneficial effect on the soil and 
ultimately on the trees, heavy applications are apt to reduce the 
availability of potassium to the trees (6). The use of nitrogenous 
fertilizers on soils that are slightly deficient in potassium is apt 
to stimulate growth of the trees to such an extent that the supply 
of potash is no longer adequate. 

The first diagnostic symptom of potassium hunger in peach 

trees is the development of 
crinkled leaves near the middle 
portion of current-season twigs. 
The crinkling is caused by un- 
even growth of blade tissue, 
and is particularly noticeable 
along the midrib. As the de- 
ficiency increases in severity 
the crinkling becomes more pro- 
nounced and more extensive 
over the tree, and is often 
associated with more or less 
rolling of the leaves, as shown 
in figure 8. The rolling is apt 
to develop particularly during 
dry weather. This may be an 
adaptation to reduce transpira- 
tion, since it has been shown 

that potassium-deficient trees 
are particularly subject to wilt- 
ing. The rolling of peach leaves 
due to potassium deficiency is 
always associated with crinkling 
and curling of the blade tissues. This type of rolling should not be 
confused with that caused by some stages of calcium deficiency, by 
cold injury, by girdling, and by some other translocation abnormal- 
ities that cause rolling without crinkling. 

Simultaneously with the appearance of crinkling, peach trees 
may exhibit some of the symptoms of nitrogen deficiency. This is 
because a deficiency of potassium restricts the utilization of nitrogen 
in the plant. The twig tips tend to stiffen, and the leaves acquire 
a yellowish-green color that is more prominent with the yellow- 
fleshed than with the white varieties. This stage is usually fo - 



Figure 8 . — Crinkling and curling, together with 
some rolling of leaves, preceding the dev^elop' 
ment of foliage necrosis on a potassium-de- 
ficient peach tree grown in sand culture. 
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lowed by the development of small straw-colored areas of dead 
tissue in the leaf blade (see plate 11-E, page 262). These areas 
may remain small and straw-colored for a few days or they may 
expand into larger areas that become brown. These stages are 
illustrated in plate 11-F. The necrotic areas are usually bordered 
by definite lines, or abscission zones, which, in the field, are often 
discolored reddish brown or purplish red. The dropping out, or 
abscission, of many of the necrotic areas in the blades and along 
the margins leaves holes — not unlike those formed by the “shot- 
hole” disease of peaches — and scalloped edges. Careful examina- 
tion will usually reveal dark-green, water-soaked (plasmolyzed) 
areas that are the initial stages of necrosis in the blades. The 
withdrawal of potassium from these areas and its reutilization at 
the growing tips are sometimes followed by an improvement in the 
color of immature and recently matured leaves, and an increase in 
rate of growth. Leaves maturing throughout the remainder of the 
season fail to attain normal size, especially in length. Young peach 
trees in a greenhouse have been observed in a single season to 
undergo three successive cycles of leaf necrosis followed by renewal 
of growth. The first cycle was the most pronounced of the three. 

If potassium is supplied to and absorbed by the affected trees 
at this stage they utilize it readily, as might be supposed from the 
fact that they quickly reutilize the potassium withdrawn from 
necrotic leaves. Necrotic areas in mature foliage may continue to 
develop, however, for several weeks after potassium has been sup- 
plied to the trees, even though tip growth is rapid and normal. 

In orchards lacking adequate potassium, the deficiency symp- 
toms increase in severity throughout the growing season. Areas of 
dead tissue along the leaf margins, particularly, become increas- 
ingly prominent. The affected foliage also develops cracks and 
tears as a result of the action of wind on the inelastic dead areas. 
At the same time, light-red or purplish-red pigmentation develops 
on affected leaves, especially on the exposed lower surface of the 
longitudinally rolled blades. 

Unlike nitrogen- or phosphorus-deficient leaves, the tattered and 
discolored leaves on trees lacking potassium adhere to the twigs 
for a long time. If active growth is renewed after considerable 
foliage necrosis has occurred, the affected leaves may drop off pre- 
maturely. Likewise, if the deficiency develops in the early summer 
and continues throughout the season, many leaves may fall early. 
On the other hand, when the deficiency symptoms first develop 
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rather late in the season, the affected leaves usually adhere until 
normal leaf fall occurs, or even later. 

As a consequence of the reutilization of potassium in peach trees, 
linear growth of deficient trees is not always greatly curtailed. In 
fact, trees exhibiting only the mild deficiency symptoms may 
make nearly as much growth as those abundantly supplied with 
potassium. The twigs on deficient trees, however, are usually 
slender. 

The effects of potassium hunger on peach fruit-bud formation 
are most severe. Even in relatively mild cases, when only a small 
portion of the foliage develops necrosis and little defoliation occurs, 
the trees may fail to form a single fruit bud. If the deficiency 
symptoms do not appear until late in the summer, fruit buds may 
form, but only on the most vigorous twigs, and yields consequently 
are very small. 

If potash is not supplied to peach trees that developed symp- 
toms of a severe deficiency during the previous season, dead areas 
may appear on newly expanding foliage at the time at which 
growth is renewed in the spring or very shortly thereafter. In this 
case, the necrosis may occur with or without crinkling of the 
foliage, as shown in plates 11-A and -B, page 262. 


Calcium Deficiency 

Peach trees may lack adequate supplies of calcium irrespective 
of the pH values of the soil on which they are growing. The 
excessive use of potash fertilizer or nitrate of soda on light soils 
inherently low in calcium may induce a deficiency of the latter. 
Nevertheless, peaches growing on such soils require considerable 
nitrogen and potash, efficient use of which is dependent upon an 
adequate supply of calcium. 

Calcium hunger in peaches, as in most other plants, is revealed 
very quickly by its effect on root growth. New roots are abnor- 
mally short, thick and crooked. Most of the roots die back from 
their tips after making a growth of y-i inch to 3 inches. Moreover, 
there is a very pronounced and characteristic tendency for new 
roots to arise in profusion a short distance behind the tips of 
deficient roots (figure 9T Although a few roots may make 
amount of growth, root extension in general is drastically curtailed. 

If peach trees are suddenly subjected to a lack of calcium, as 
when young peach trees from a nursery are planted in a so 
deficient in this nutrient, they may show signs of wilting for a 
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period of about a week after they have completed a month or 
more of growth in the spring or early summer. This period of 
wilting coincides with extensive dieback of the new roots. INIor- 
tality at this time may be high. Trees that survive, however, soon 
become extremely resistant to wilting. In fact, some will stand 
transplanting in midsummer and show no signs of wilting. 

Unlike calcium-deficient apple 
trees, the tops of peach trees 
reveal characteristic symptoms 
of inadequate calcium rather 
early. Two different manifes- 
tations of calcium deficiency in 
peach tops are common. The 
severity of the deficiency and 
the time during the growing 
season at which it begins appear 
to be determining factors. (1) 

If the deficiency starts in the 
spring or if it is severe at any 
time during which the trees are 
making rapid growth, it will be 
exhibited by necrosis of leaves 
and twigs. (2) If it develops 
late in the season when the trees 
are not growing rapidly, necro- 
sis may not occur in the tops, 
but the roots may be injured. 

When the supply of calcium 
in a peach tree fails to meet the 
requirements of rapidly grow- 
ing tissues, the first pairs of 
leaves near the bases of young growing twigs 4 to 8 inches long 
develop red or purplish-red discoloration along the margins and at 
the tips. This is followed by some loss of chlorophyll and by 
necrosis in the discolored areas and then by dropping of the 
affected leaves. These symptoms are illustrated in plate 12-D, 

pap 263. Only immature basal leaves are affected; those on long 
twigs remain apparently normal. 

Usually the deficiency then follows one of two different patterns. 
In both cases, the immature leaves develop reddish-brown or dark- 
brown necrotic areas along the midribs and at the blade tips, 



Figure 9 . — Symptoms of calcium deficiency in 
roots of a 1 -year-old peach tree. Roots are 
short, sometimes bulbous, and die back after 
making comparatively little linear growth. 
New roots emerge profusely behind the dead 

root tips. 
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similar to those illustrated in plate 11-C. These areas expand 
in size, and in one type of manifestation the defoliation pro- 
gresses toward the midportions of twigs both from the bases and 
from the tips (plate 12-B). The defoliated twigs die back for 
only a few inches. In the second type of manifestation, in which 
there is a greater deficiency of calcium, twig tips and young leaves 
are killed as by a blight, and the necrosis progresses rapidly down 
the twigs and affects all immature and some apparently mature 
leaves. An early stage of this is shown in plate 12-A. Many of the 
twigs die back to their bases, and some of the branches supporting 
them die. Below the outermost 2 or 3 inches on each twig, necrosis 
and discoloration of leaves are similar to those described for the 

first type of defoliation. 

Previous to the development 
of foliage necrosis, calcium-de- 
ficient peach trees form an un- 
usually large number of big 
leaves. 

It is evident that a bad case 
of calcium deficiency develop- 
ing early in the growing season 
may very seriously injure peach 
trees, especially those newly 
planted. Fortunately, however, 
a deficiency of such magnitude 
seldom, if ever, affects mature 
trees. They would necessarily 
exhibit symptoms of mild cal- 
cium deficiency for at least one 
or more seasons, and this condi- 
tion could be corrected before 
becoming more acute. 

When calcium deficiency de- 



FiKurc iO.-Longiturlinal rolling of leaves on ^ rather late in the grOW- 

calcium -delicient peach tree. ^ . . 

ing season, or when this nutrieni 
becomes slightly deficient a month or two after the renewal of 
growth in the spring, linear extension of twigs is gradually restricted. 
Many twigs become abnormally thickened, especially near the tips. 
Foliage remains dark and somewhat tannish green rather than 
normal green. Although the leaves do not grow to a larger size 
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than is normal for the variety, an unusual number of large leaves 
develop. Fruit-bud formation starts early in the season, and con- 
spicuously large buds are present in abundance toward the end of 
summer. Lenticels ( pores on the stems ) enlarge and become unusu- 
ally prominent, resembling those on girdled trees. On some trees, 
the leaf blades roll longitudinally, as shown in figure 10. The 
tendency for the leaves to roll in this manner is not peculiar to 
calcium-deficient trees but appears to be associated in some way 
with restricted translocation of foods. 

Magnesium Deficiency 

After heavy summer rains, magnesium deficiency occasionally 
develops in peach orchards grown on light sandy soils. In New 
Jersey the deficiency has been found during wet seasons in trees 
grown on very acid loams and on sandy loams that received heavy 
applications of oyster-shell lime — a high-calcium form of lime that 
contains no more than a trace of magnesium. On soils that are 
relatively low in magnesium, a deficiency of this nutrient may be 
induced by the use of fertilizers containing potassium or sodium. 
In fact, the occurrence of magnesium deficiency in peach orchards 
as well as apple orchards appears more likely to be associated with 
the application of fertilizers containing potash or sodium than it is 
to be caused by a depletion of the magnesium supply of the soil. 

Although magnesium is readily translocated and reutilized in the 
peach, small and large 1 -year-old trees may develop symptoms of 
the deficiency at about the same time. In all cases observed, both 
in greenhouses and in the field, mature leaves in the initial stages of 
the deficiency appear dark green — in some instances, blue green. 
Leaves near the tips of growing twigs sometimes become slightly 
but definitely chlorotic. All leaves formed thereafter are abnormally 
thin. Leaf size, however, may not be affected. 

When the supply of available magnesium in the soil fails to meet 
the requirements for new growth, dark-green, water-soaked blotches 
appear on the lowermost leaves on large current-season branches, 
or on the main stems of 1 -year-old trees. The pattern of this 
blotching and the purplish-red discoloration bordering the necrotic 
areas are shown in plate 9, page 260. Within a few hours the dark- 
green blotches may change to gray white or green white and then 
to a fawn color. The latter does not change unless exposed to 
rain, after which it becomes a medium brown. Within a few days 
the blotched leaves drop. 
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In the field, defoliation often continues until nearly half the 
current growth is bare. In greenhouse studies, however, it may 
continue until only immature, terminal leaves are left (figure 11). 
Twigs on such trees become abnormally flexible. 

In New Jersey most peach trees that lose many leaves as a 
result of magnesium deficiency during their first season in the 
orchard fail to live through the winter. 

In fruit-growing regions where magnesium deficiency has been 
found in mature peach trees, fruit-bud formation has been drastic- 
ally reduced. 




Figure 11 . — Normal and magnesium-deficient peach trees grown in sand culture. T e mao 
nesium-deficient tree on the right made nearly as much linear growth as the normal tree, 

was practically defoliated by late August. 


Zinc Deficiency 

In parts of Florida and California, zinc deficiency has caused 
serious losses in peach orchards. The ailment in those regions has 
been called “little leaf” because of the characteristic rosettes o 
small leaves that form on the terminals of badly affected trees. 

When zinc deficiency develops in a peach tree for the first tinje, 
it is manifested as a chlorotic mottling in the foliage late in ® 
summer. This chlorosis progresses upward from the lowermos 
leaves to those at the tips of twigs. Although 1 -year-old trees may 
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exhibit these symptoms, the trees are usually 2 years old or older 
before the deficiency develops. 

Unless zinc is supplied to these trees, symptoms characteristic of 
the deficiency will be exhibited the following spring or early sum- 
mer. Chlorotic leaves appear with yellow-green areas between 
veins. As the leaves mature, these areas become light yellow, and 
some develop purple-red pigmentation. Necrotic areas appear at 
the tips and in the blades of badly mottled foliage. This foliage 
drops prematurely and often leaves the twigs entirely bare. 



Courtesy of R. D. Dickey and G. H. Blackmon, Florida Agricultural Experiment Station 

Figure i2— Crinkling, waving and chlorosis of Jewel peach leaves as a result of zinc deficiency 

in a Florida orchard. Leaf at right is normal. 

At the terminals of twigs, crinkled and chlorotic foliage such as 
that shown in figure 12 may develop. On the other hand, when 
the deficiency reaches the stage at which considerable defoliation 
occurs, rosettes of small leaves are formed at the terminals (figure 
13). In severe cases, the leaves in these rosettes may be nearly 
sessile (without leafstalks), very small, and abnormally rigid. 
Figure 13 also shows the formation of new twigs below the stunted 
terminals. Such trees are usually late in renewing growth the fol- 
lowing spring. Twigs that fail to develop foliage die back for more 
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or less indefinite distances, as shown in figure 13. The trees usually 
die within 3 or 4 years after the onset of the deficiency. 

Although fruit-bud formation on zinc-deficient peach trees may 
be drastically curtailed, some buds usually develop. Very few 
fruits are produced, however, and those that set on badly affected 
branches are misshapen and worthless. 



Courtesy o) R. O. Dickey and G. //. lilackmon^ 

Viorida Agricultural Experiment Station 


Figure 13 • — Charac- 
teristic symptoms of 
acute zinc deficiency 
in young Jewel 
peach tree in Flor- 
ida: “Little leaf,” 

crinkling, rosette, 
defoliation and twig 
dieback. 


Boron Deficiency 

Boron deficiency in peach trees has been recognized only rarely- 
It has occurred, however, in commercial orchards in the Northwest 
and it has been developed experimentally in sand cultures. 

The symptoms of boron deficiency in peach trees resemble those 
in apple trees. Twigs on affected trees die back from their tips, 
but tend to develop new shoots in abnormal numbers behind t e 

A. • _ ^ ^ 

injured terminals. Young and immature leaves fail to attain n 
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mal size but become thick, wrinkled and otherwise misshapen and 

brittle. Compound Deficiencies in Peach Trees 


Although marked stunting of growth may occur when peach 
trees are grown on soils deficient in two or more basic ( or metallic j 
nutrients, such as potassium, calcium or magnesium, it is very rare 
indeed for a tree to exhibit diagnostic symptoms of more than one 
such deficiency at a time. In fact, trees planted on such soils, 
because of their abnormally slow growth, sometimes fail to exhibit 
specific deficiency symptoms until they are fertilized with one of 
the nutrients of which there is a shortage. When attempts have 
been made to create in sand cultures a deficiency of both potassium 
and calcium, peach trees have grown very slowly. It was not 
uncommon to find one tree exhibiting symptoms of calcium defi- 
ciency at the same time that a neighboring tree, receiving the same 
treatment, showed definite symptoms of potassium deficiency. 
From these studies and from orchard observations it has been 
concluded that when there is a shortage of two or more basic 
nutrients in a soil at the same time, deficiency symptoms are apt 
to be developed only for the nutrient that is most needed in the tree. 

Experience with peach trees grown in soils and in sand cultures 
in which both nitrogen and phosphorus were deficient has shown 
that, because the former is needed in much greater amounts than 
is the latter, nitrogen deficiency usually limits growth before the 
reserves of phosphorus in the tissues are exhausted. An exception 
to this statement will be described presently. 

A similar situation usually exists where nitrogen and some one 
of the basic nutrients are deficient in the soil. A lack of nitrogen 
is exhibited by the tree and limits growth before the reserves 
of other nutrients in the plant tissues are exhausted. 

A deficiency of phosphorus, on the other hand, may coexist with 
that of one of the basic nutrients — potassium, calcium or magne- 
sium. This, in fact, is likely to occur in peach orchards in which 
either potassium or calcium is deficient. Growers who do not 
fertilize with potash seldom use phosphates on the trees. More- 
over, in acid, calcium-deficient soils the amounts of available 
phosphorus present are apt to be very low indeed. It has been 
repeatedly observed and adequately substantiated that, when a 
compound deficiency of phosphorus and one of the basic nutrients 
develops in peach trees, the distinctive symptoms of one deficiency 
are superimposed upon those of the other. In most cases, however, 
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the symptoms for one nutrient developed before those for the 

second. The symptoms exhibited are so distinct as to cause little 
confusion. 

Compound Phosphorus-Potassium Deficiency 

In New Jersey, a compound deficiency of phosphorus and potas- 
sium is second only to that of nitrogen in frequency of occurrence. 
In some orchards, the symptoms may be those of typical phos- 
phorus hunger with occasional leaves 4 to 8 inches from twig tips 
showing a slight potassium-deficiency necrosis. In other orchards 
the trees may exhibit symptoms of severe potassium hunger, but 
at the same time they may show an abnormal amount of pigmen- 
tation in the necrotic leaves and typical phosphorus-deficiency mot- 
tling on old leaves. 

One symptom that is particularly characteristic of this com- 
pound deficiency is an early cessation of terminal growth. This is 
typical of phosphorus deficiency in peaches. It is not uncommon, 
however, for growth to be resumed again during the same season. 

In plate 13, page 264, peach leaves show typical symptoms of 
potassium deficiency and at the same time have small, abnormally 
pigmented dots. The over-all color of the leaves is ochre green, a 
characteristic of phosphorus deficiency. Moreover, they exhibit a 
mottling between the veins that is common to phosphorus-deficient 
leaves but does not occur on leaves lacking only potassium. 

Under orchard conditions, peach trees affected by compound 
phosphorus-potassium deficiency may at times exhibit symptoms 
of nitrogen deficiency. In fact, such trees usually respond to 
applications of nitrogen, although relatively large amounts are 
necessary. This nitrogen deficiency appears to be induced by the 
lack of potassium. It may be recalled that this was found to occur 
also when peach trees were deficient in potassium but adequately 
provided with other nutrients. When this condition develops, 
immature leaves remain small, and those on the upper halves of 
current-season twigs become somewhat crinkled, while the margins 
tend to roll toward the midribs. At the same time, leaves on the 
lower portion of the twigs may droop and show phosphorus- 
deficiency mottling. Red pigmentation is particularly abundant and 
increases in intensity from the bases to the tips of twigs. Fruit buds 
are very sparse or entirely lacking. Foliage and twig symptoms 
associated with this compound deficiency are illustrated in plate 14, 

page 265. 
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This type of growth has been observed on peach trees, par- 
ticularly on 1- and 2-year-old trees, in New Jersey for many years. 
It was recognized as a physiological ailment and was called “false 
little peach” because the small size, discoloration and drooping of 
foliage on the lower portions of twigs resemble that caused by the 
virus disease “little peach.” Within recent years, however, work 
at the New Jersey Agricultural Experiment Station has demon- 
strated that false little peach is caused by a compound deficiency 
of phosphorus and potassium. 

SMALL FRUITS 

The characteristic symptoms of nutrient deficiencies in the 
various small fruits closely resemble those in other plants insofar 
as their general pattern and mode of appearance are concerned. It 
should be borne in mind that by the time a typical deficiency 
symptom has developed, the plant has slowed down considerably in 
its growth processes and an economic loss has been suffered by the 
producer. Every effort should be made to recognize symptoms in 
their incipient stages, or better still, to prevent their appearance 
entirely. Soil-analysis or plant-tissue tests may be useful in de- 
termining the lack of a nutrient element before the deficiency symp- 
toms occur. Corrective measures can then be applied before plant 
growth and yield have been reduced. 

The importance of detecting the lack of adequate nutrients in 
the soil, prior to the appearance of deficiency symptoms in the 
plant, is emphasized in the report of Harris (10). Red raspberry 
plants growing on a glaciated, light, sandy loam showed significant 
increase in growth and yield from applications of manganese even 
though no visible symptoms of manganese deficiency were evident. 
Applications of boron increased the vitamin C content of the fruit, 
and zinc increased the total carbohydrate content of the plants. 
As with the manganese, no visible symptoms of boron or zinc 
deficiency were evident. It was concluded that in the area under 
investigation, deficiencies of boron, manganese and zinc may be- 
come pronounced enough to warrant their use in fertilizer programs. 

Powers and Wood (17) reported a reduction in leaf scorch of 
raspberries on silt loam soil when potash fertilizers were applied. 
Zinc, copper and magnesium likewise improved growth and in- 
creased yields. 

Serious deficiencies of nutrient elements other than nitrogen 
have not been common in temperate zone plantings of small fruits 


246 


HUNGER SIGNS IN CROPS 


in the past. There is an increasing amount of evidence, however, 

which indicates that deficiencies of a number of elernents may 

become more common in the future. This is especially true on 

sandy or gravelly soils which are subjected to excessive tillage and 
leaching. 

STRAWBERRIES 
Nitrogen Deficiency 

beginning of nitrogen deficiency in strawberry plants is 
indicated by the yellow-green color of old leaves and by the small 
size of newly maturing ones. The plants thereafter form relatively 
few and weak runners. As the deficiency of nitrogen becomes acute, 
young leaves also acquire a yellow-green color, while mature foliage 
becomes yellower and at the same time becomes pigmented with 
red, especially toward the margins of blades. This stage is soon 
followed by the firing and withering of old leaves near the crowns. 

Phosphorus Deficiency 

A deficiency of phosphorus in strawberry plants is indicated first 
by abnormally dark-green foliage resulting from the accumulation 
of purplish pigmentation in the leaf surface. This symptom is fol- 
lowed successively by ( 1 ) a reduction in leaf size or an intensifi- 
cation of the dark color, which changes to coppery purple, and (2) 
a mottling and dying of old leaves. 

Potassium Deficiency 

Strawberry plants exhibit definite symptoms of potassium defi- 
ciency by the development of marginal leaf scorch. This scorching 
may be distinguished from the firing, or marginal necrosis, caused 
by nitrogen deficiency in that the latter is produced first on old 
leaves and is always preceded by pronounced yellowing and redden- 
ing. Scorch due to potassium deficiency, on the other hand, usually 
develops first on mature leaves of intermediate age and may not 
be confined to margins. Moreover, the scorched leaves may have 
a fairly normal green color except for the areas of dead tissue, or 
they may show more or less purple-red pigmentation. 

Calcium Deficiency 

Unlike those of the nutrients previously discussed, a deficiency 
of calcium affects the buds or growing points of the crown first. 
These tissues are killed, and subsequent growth must take place 
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from lateral buds. Very young leaves, as well as those that are half 
grown, may also be affected. The entire leaf, or leaflet, or a portion 
of a leaflet, may die. Red-brown discoloration may develop around 
the base of the leaflet, or it may be more or less general over the 
leaf surface. 

Roots usually show considerable injury before the tops are 
seriously affected. The root injury becomes progressively worse 
as the deficiency continues. Roots die back from their tips after 
making relatively short growth. This is followed by the develop- 
ment of new rootlets behind the dead portion. The entire root 
system, therefore, consists of a small mass of short growths. 

Magnesium Deficiency 

Magnesium-deficient strawberry plants develop abnormally thin 
leaves, which exhibit a bright green color not found in healthy 
foliage. Blotching begins near the margins of old leaves and 
spreads until the whole surface is necrotic. The affected areas 
usually exhibit a slightly purple, gray-brown color. Withering of 
the injured leaves progresses from the bases upward toward the 
young leaves. 

GR.VI'ES 

Numerous research workers have reported on various nutrient- 
deficiency symptoms of grapes. These resemble in general those 
which have been described for strawberries. 

Boron Deficiency 

Scott and Schrader fl9) have published detailed descriptions of 
boron deficiency symptoms in grapes as well as a critical discussion 
of the utilization of this element by plants. The early symptoms 

as ( 1 ) a diffuse yellowing or 
chlorosis of the younger leaves; ( 2 ) brownish, water-soaked areas 
developing in the apical tendrils: and (3) cupping of the third or 
fourth leaf from the shoot tip. The exact order of appearance of 
these symptoms varies with the variety. 

The apical internodes of boron-deficient vines are shorter than 
those of normal vines. All affected parts exhibit abnormal rigidity 
and brittleness, while young leaves appearing after the onset of the 
deficiency are often misshapen and malformed. Deficiency symp- 
toms do not develop on the lower leaves of the vine, even though 
the terminal parts are extremely affected. On rapidly growing 
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shoots of the grape, the fifth or sixth leaf from the tip is the oldest 
one to develop boron deficiency. Apparently the visible symptoms 
are developed only in those parts where new tissues are forming 
at the time of occurrence of the deficiency. 

The basal leaves of a boron-deficient grapevine may appear 
normal and yet be just as low or lower in boron than the upper 
leaves which may show extreme symptoms. Likewise, leaves with 
extreme boron deficiency symptoms may have a boron content 
equal to that of normal leaves if samples are analyzed following a 
period of exposure to an adequate supply of boron. Such appar- 
ently contradictory results are logical if it is assumed that only on 
those leaves which are continuing active cellular development can 
the symptoms of boron deficiency occur. 

Potassium Deficiency 

An early symptom of potassium deficiency is interveinal and 
marginal chlorosis of leaves located at about the middle of the 
developing cane. As the deficiency becomes more pronounced small 
necrotic spots develop throughout the older leaves, followed by 
marginal scorch and yellowing. Young leaves show interveinal 
chlorosis and marginal scorch. 

Magnesium Deficiency 

Leaves of grapes receiving an inadequate supply of magnesium 
develop a water-soaked appearance in the top half of the cane. 
This is followed by rather large necrotic spots and puckering of the 
leaves. Leaves of the middle portion of the vine drop off, leaving 
the center of the cane bare. 

PLANT-TISSUE TESTS FOR THE DETECTION OF NUTRIENT 

DEFICIENCIES 

For those who are not familiar with nutrient-deficiency symptoms in fruit 
trees, plant-tissue tests for major nutrients usually offer a simple and reliable 
method for confirming a diagnosis. Also, where the identification of a deficiency 
is complicated by the presence of insect, disease or spray injury, these tests may 
prove very useful. Moreover, in very light or in acid soils, growth may be 
inhibited to such an extent that positive symptoms of a nutrient deficiency may 
be lacking. For several years the senior author has prepared extracts from apple 
and peach twigs as a means of comparing the composition of the plants with 
the growth characteristics. 

Extracts are prepared in the following manner: Several twigs that are wel 
exposed and representative of nearly the best growth on a tree are selected. A 
low content of nutrients in weak side branches or in insect- or spray-injure 
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twigs is not in general an indication that a deficiency is limiting the growth of 
the tree. Five-gram samples of finely minced tissue comprising the terminal 
5-inch portions of apple twigs or 6-inch portions of peach twigs are prepared. 
These are placed in small mortars to which are added 54 gram of Darco brand, 
phosphorus-free, powdered charcoal, and 25 milliliters of the Hester soil-extract- 
ing solution (11). The latter contains 5 grams of sodium hydroxide and 10 
milliliters of glacial acetic acid, made to a volume of 1 liter with distilled water. 
In order to facilitate grinding, only about 10 milliliters of the extracting solution 
are added at first. The tissue is ground for about 5 minutes, and then the 
remainder of the solution is added and the grinding is continued for another 
5 minutes. The extract is filtered through a Whatman No. 1 paper. A clear 
extract is necessary. If a small amount of charcoal should come through, it 
may be removed by re-filtering with the same paper. If much yellow or brown 
color is present, an additional % gram of charcoal should be used. When the 
color persists, an additional 25-milliliter portion of extracting solution may be 
used. In general, no extra charcoal or extracting solution is necessary for peach- 
twig samples. The same is true of apple twigs collected during the spring and 
early summer. During the late summer and fall, however, most apple twigs 
contain sufficient tannin to impart yellow or brown discolorations to the extracts. 
Fortunately, it is often possible by working rapidly to complete estimations of 
phosphorus and of magnesium content before the color in the extract interferes 
too much. 

Hester (12) proposed the use of a Waring blender for preparing plant-tissue 
extracts. This machine has four small, stainless-steel blades that rotate at a 
speed of 10,000 or 12,000 revolutions per minute and quickly reduce the tissue 
to a pulp. From 10 to 20 grams of tissue, Yz gram of charcoal, and 100 to 
200 milliliters of extracting solution are placed in the machine and ground for 
5 minutes. The extract thus prepared is filtered as described. 

The nutrients may be estimated by the methods described by Hester (11), 
or Carolus (3), or by other methods that may be suitable. The senior author used 
for this purpose modifications of quantitative methods used for blood analysis. 
All values are expressed as parts per million of the nutrient elements in the green 
tissue. 

The nutrient content of extracts from trees making poor growth may be com- 
pared with that of extracts from similar varieties of trees making good growth. 
In general this procedure should be adopted in addition to the use of chemical 
standards until one has acquired experience with these tests. 

Terminal portions of apple and peach twigs have not been found to be greatly 
different in nutrient content; a deficiency of phosphorus in either case may be 
suspected when 5- or 6-inch twig tips during the growing season contain less 
than 50 parts per million of this nutrient. The following table may be useful 
as a guide in interpreting the results of such tests on apple and peach twigs: 
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PARTS PER MILLION OF NUTRIENTS IN TERMINAL 
PORTIONS OF GREEN APPLE AND PEACH TWIGS^ 

De fide tit Trees 
p.p.w. 

Less than 100 

“ “ 1,000 

u “ 100 

“ “ 60 


Inasmuch as apple and peach twigs do not normally contain more than traces 
of nitrate nitrogen, if any, testing for it is unnecessary. 

IMant- tissue tests are particularly valuable in that they not only reveal a low 
content of a nutrient but also frequently confirm other evidence. Thus, when 
calcium or magnesium is deficient in peach twigs, potassium alone or both mag- 
nesium and potassium tend to be present in relatively large amounts. Likewise, 
when only potassium is deficient, calcium or magnesium or both may be found 
in relatively high concentrations. 

Tcnninal 5 inches of apple twigs or terminal 6 inches of peach twigs. 


Xutrient elrtiut:! 

Phosphorus 

Potassium 

Calcium 

Magnesium 


Good Trees 
p.p.m. 

200- 700 
2,000-7,000 
300-1,000 
200- 500 
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KEY TO PLANT-NUTRIENT DEFICIENCY SYMPTOMS IN DECIDUOUS 

FRUIT TREES 

ELKMIINT 

DEFICIENT 

A. Symptoms which, in the early stages of the deficiency, are general on the 

whole tree or tend to be localized in the older leaves ot the current 
season’s growth. 

B. Symptoms rather generally distributed but usually most prominent on 
lower leaves of current season’s growth. Xo areas of dead tissue de- 
veloping on foliage except in advanced and severe cases. 

C. Leaves yellowish green ; discoloration begins on old, mature leaves and 
progresses toward the tip. Accumulations of reddish and purplish- 
red pigments usually obvious. Under prolonged deficiency, twigs hard 
and slender and foliage small Nitrogen 

C. Young and nearly matured leaves dark green, while mature leaves are 
bronzed or ochre-dark green. Old leaves usually mottled with light- 
green areas developing between dark-green veins. Stems and leat- 
stalks developing abnormal amounts of purplish pigment, especially 
during cool summer weather. .As the deficiency continues, new twigs 
slender and leaves small (apple) or strap-shaped (peach) Phosphorus 


B. Symptoms appearing first on mature or lower portion of current season s 
growth and occurring as mottling or chlorosis, with or without spots, 
blotches, marginal scorching or other necrotic (dead) areas in foliage. 

C. Foliage necrosis (death of tissues) varying in size from very small spots 
or dots to patches or extensive marginal areas. Foliage, especially of 
peach, usually crinkled. Necrotic areas developing first on mature 
leaves near the middle or lower half of the current season’s growth. 

Twigs usually slender Potassium 

C. Foliage necrosis occurring as fawn-colored patches on most mature, large 
leaves. Affected leaves dropping progressively toward the tips of the 
current season's twigs. Severe defoliation common, leaving a tuft or 
rosette of thin, dark-green leaves at the terminals Magnesium 

C. Foliage small, narrow, more or less crinkled, and chlorotic at tips of new 
growth ; twigs slender, with very short internodes near tips, producing 
rosettes of leaves. Defoliation progressive from bases to tips of twigs. Zinc 


A. Symptoms appearing first on young tissues and tending to be localized at 

the terminals of twigs. 

B. Twigs dying back from terminals. Newly developing or nearly mature 
leaves showing severe necrosis. 

C. Immature leaves, especially those at terminals, dying back from tips 
and margins or along the midribs. Following severe injury to foliage 
at terminals, twigs dying back for an indefinite distance. These 
symptoms always associated with injury to root tips Calcium 

C. Leaves more or less chlorotic and wrinkled ; sometimes abnormally thick 
and brittle. In severe cases, dieback of twigs and spurs. With bear- 
ing trees, deficiency associated with necrotic areas in the flesh or 
on the surface of fruits even when no abnormal growth is apparent 
in vegetativ'e parts 
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/'late 2 . — Symptoms 
normally small and 


of phosphorus deficiency in a j^rowinj* tip of the apple. Leaves are 
dark j$reen, with conspicuous purple pigmentation. Twig is slender 

abnormally purplish. 
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Plate 3 . — Successive stages of marginal scorching due to potassium deficiency in apple foliage 
Upper leaf is normal. An early stage is shown by the dark-purplish discoloration of leaf oii 
lower left. Well developed scorch is shown in leaf on lower right. Leaves are typical of those 

found along mid-portions of current-season twigs. After exposure to rain the scorched areas 

turn dull brown. 
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mptoms of prolonged and severe potassium deficiency in the apple, m i 
leaves may he found near the tips of twigs. Dark areas in upper leaf are u 

plasmolysis preceding scorching. 
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Plate 5.— Symptoms of calcium deficiency in young and nearly mature apple leaves. Top row 
upper and lower surfaces of young leaf showing early stages of discoloration and death of tissues! 
Bottom row, upper and lower surfaces of nearly mature leaf showing extensive areas of dead 

tissue. 
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Plate 6. — Symptoms of calcium deficiency in mature apple leaves. Top row. upper 
leaf surfaces showing a mottled type of discoloration and necrosis death of ti-^sues 

row, upper and lower surfaces showing a marginal t>pe of necrosis. 


and lower 
Bottoin 
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Plate 8. — Early, intermediate and advanced stages of nitrogen deficiency in peaches as reveaLd 

by leaf symptoms (left to right). 



Plate 9 Successive stages of magnesium deficiency in peach foliage. Large gg 

Elberta trees grown in sand culture in a greenhouse. Small leaves are from seedling tree 

grown in the field. 


1 260 ] 


o 


c 

C3 



U 




W 'OC 

^ c 

^ ^ ^ 
> ^ ^ 

^ P ^ 

O ^ C 3 

Oi 

"OC “ 
2 > ^C ^ 


c P 'CJC 

c “ ,C 

0 > 'Ofi 
t /5 • ir 

O S C 


>. ca 

« .5 *5 

cd ™ 


.2 E 

« u 

c. ^ 

;/> 

a> 


C/) 

a> 

> 

a> 


a> 

0 

01 
u 


o 

. c 

s ‘3 
c ^x; 
o 0 * 

u ^ 


Ic 

a> 

in 

3 



L. 


a 


c 




Oi 



*T 3 

gn 

a> 

* mm 

O’ 

" 0 £ 



cd 

c 

CL 

4 -» 

o 


<A 

Q 



OJ 

o 

Li 4 

c 

c 

C 3 

A 

Cd 

a> 


h. 


a> 


an 

CL 

a 

*H. 

3 

'o 

< 

C. 


* » ■« 

u 


t /5 


a 

C3 

(li 

a. 

cj 


c 

D 

O 

£ 

cd cd 


a> 

*-» 

o 

A 


C 'OC c 

o 

c/> • ^ 


c ® 
w _ 


a 

L, 

o 


^ ^ o 

*> O 
qj > CA 


c« OJ 
^ r- a 

o 


c «. 

0 ) ^ 


a, 'ot 

(/) 


2 f U 


c 

CL 


,X3 

w 


CL 

» 

Hi 

M-4 

O 

cd 

0) 

a 


r* 


4-«* 


E 



o 

o 



Lm 


CL 

'OC 

'OX 

E 

in 

C 

o 

;/) 

c 

> 

u 

1 

cd 

3 

1 

ii 

<:5' 

a> 

;#5 

1 

o 





c 



a> 


'*.* 

w 


53 

u 



O 



u 



261 ] 


Plate 11 . — Symptoms of potassium deficiency in the peach. A and B, severe 
ficiency in new spring growth. C and D, crinkling and curling of leaves — an 
of the deficiency. E, necrotic spots on small basal leaf from side branch. F, 

ting and marginal scorching following stage D. 
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Plate 12 , — Symptoms of calcium deficiency in the peach. A, an early stage of the deficiency 
in a growing tip. B, an advanced stage of calcium deficiency in peach twig and foliage. C, mid- 
rib necrosis in mature leaf. D, discoloration and necrosis of blade of basal leaf from young 
side branch of current-season branch. E, necrosis of blade tissue of nearly mature leaf. 
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Plate 14 . — Symptoms of compound phosphorus-potassium deficiency (“false little peach") in a 
twig from a field-grown nursery peach tree. Notice similarity in characteristics of basal leaves 
on this twig and those shown in plate 10-B. Leaf scorch is due to potassium deficiency. 
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plate — Boron-deficiency symptoms on leaves of the Hunt muscadine grape when grown in 

sand culture. Leaf numbers indicate maturity of leav^es : 1, mature, 4, immature. 



Plate U). — I^eaves of the Hunt muscadine grape wiien grown in sand culture supplied 

nutrient solutions lacking the elements as indicated in the picture. 
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Courtesy of L. E. Srott, Cnhersity of Marylava, and T. B. Ifagfer, Alabama Polytechnic Institute 

Plate 17, — PotassIum*deficiency symptoms on leaves of the Hunt muscadine grape when grown 
in sand culture. Leaf numbers indicate maturity of leaves: 1, mature, 4, immature. 



Courtesy of L. E. Scott, University of Maryland, and T. B. Hagler, Alabama Polytechnic Institute 

Plate 18, — Magnesium-deficiency symptoms on leaves of the Hunt muscadine grape w'hen grown 
in sand culture. Leaf numbers indicate maturity of leaves; 1, mature, 4, immature. 
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CHAPTER VIII 


Plant'Nutrient Deficiency Symptoms 

in Legumes 

By Werner L. Nelson and Firman E. Bear^ 

P LANT FAMILIES have certain distinguishing characteristics 
in makeup and in physiology. Legumes are characterized by 
pods in which the seed are borne. A more important distin- 
guishing characteristic is the presence of nodules on their roots. 
The bacteria in these nodules fix free gaseous nitrogen, which is 
incorporated into various compounds in the plant. 

Many of the legumes are very good indicators of certain nutrient 
unbalances, as these unbalances are often revealed by characteristic 
deficiency symptoms. This is especially true of the broad-leaved 
legumes. Much experimental work has been done to identify the 
causes of the chlorotic conditions and plant malformations that 
appear. Considerable work remains to be done on some aspects of 
the problem, however, because of the interrelationships among the 
nutrients and the peculiar effects of environment on the appearance 
of the symptoms. The amount and distribution of rainfall, as well 
as of light and temperature, have considerable effect. In addition, 
varieties differ in their responses to applied fertilizer and in the 
characteristics of their deficiency symptoms (2). 

Certain legumes are relatively exacting in their calcium and soil- 
reaction requirements. They contain much more calcium than do 
many of the nonlegumes. This affects the potassium nutrition, in 
that plants which are high in calcium generally have greater dif- 
ficulty in securing sufficient potassium from low-potassium soils. 

The nutritional status of legumes, as well as of many other 
plants, may be divided into six general levels as follows: 

(a) Deficiency — The plant is stunted and certain of its parts are 
abnormal in color or shape. 

(b) Poverty adjustment — The plant may show no symptoms of 
deficiency, but the yield is low. 

(c) Optimum — The plant has maximum growth. This level 
exists only in theory, but it may be approached in practice. 

' Werner L. Nelson is professor of agronomy. North Carolina State College of Agriculture 
and Engineering, and Firman E. Bear is chairman, soils department, New Jersey Agricul- 
tural Station of Rutgers University. Chapter VIII in the first edition was written bv E E 
De Turk, Professor of Soil Fertility, University of Illinois. 
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(d) Luxury Consumption — The plant appears the same as at the 
optimum level. 

(e) Moderate toxicity — The plant is stunted. 

(f) Toxicity — The plant is stunted and certain of its parts are 
abnormal in color or shape. 

A large majority of our crops belong in the (b) group with 
respect to one or more of the essential elements. Legumes, in 
particular, may live and grow under conditions of moderate de- 
ficiency of some nutrients without showing any visual symptoms. 
Growth may be reduced but, with the whole field in the same 
condition, the stunting may not be noticed. Lowered production 
may result for a number of years without realization on the part 
of the farmer. Eventually, however, the soil is depleted to the 
point where the plants show deficiency symptoms. Certain of these 
symptoms are described in the following pages. 

CALCIUM DEFICIENCY AND SOIL ACIDITY 

One of the earliest soil treatments that produced observable 
effects on legumes was the application of liming materials to acid 
soils. This resulted in larger plants with darker green leaves. 
Over the years, much has been learned about the reasons for these 

and other beneficial effects from liming the soil. 

Calcium, in the form of liming materials, has several effects. 
First, it is an essential nutrient element. Legume plants are rela- 

' a 

tively high in calcium and usually have a high calcium require- 
ment. The ease with which the plants can secure this element 
from the soil is influenced not only by the amount of it in the soil 
but by the degree of cation saturation of the soil colloids, the 
kind of colloids, and the nature of the other cations on them (1, 
25,32). 

Second, lime makes the soil less acid. This brings about several 
indirect effects. One of these is related to the activity of the 
nitrogen-fixing organisms (nodule bacteria) (19). Under acid 
conditions the bacteria cannot function effectively and the legume 
may be deficient in nitrogen. Certain elements, such as manganese, 
aluminum, iron and zinc, may go into solution in toxic quantities 
under acid conditions. Additions of lime reduce the amounts 
of these elements in solution, and high application rates may ac- 
tually reduce the quantities in solution to deficiency levels v^^)- 

The ratios among the amounts of calcium, magnesium and 


PLANT NUTRIENT DEFICIENCY SYMPTOMS IN LEGUMES 271 


potassium in soils and plants are important. Bear et al., after 
studying 20 New Jersey soils, suggested that, for alfalfa, 65 per- 
cent of the exchange complex of the soil should be occupied by 
calcium, 10 percent by magnesium, 5 percent by potassium, and 
20 percent by hydrogen (6). Alfalfa tends to take up more potas- 
sium than it needs, unless the calcium content of the soil is main- 
tained at a relatively high level. 



Courtesy of Department of Agronomy, North Carolina State College 


Figure 1 . — Lime response of Mrginia Bunch peanuts. On this soil, low in calcium, peanuts 
show a very marked growth response to the application of one ton of limestone. The 

larger, greener plants are on the limed plots. 


Symptoms 

Calcium-deficiency symptoms have frequently been produced on 
legumes in controlled greenhouse experiments. Distinct symptoms 
are rarely seen, however, under field conditions. Most of the effects 
of lime on legumes are indirect, and are related to its influence on 
nitrogen fixation and on the availability of other plant nutrients, 
principally the trace elements. These effects will be discussed in 
detail in the sections on nitrogen deficiency and trace elements. 

Some years ago, farmers in the Middle West began to be troubled 
with loss of stand of the clover that was seeded in small grains. 
Too, the clover was not knee-high by fall, as it had been formerly. 
In many cases, this was attributed to “dry weather.” The clover 
that lived was subject to winter killing and heaving the first winter, 
and it seemed as if both summer and winter weather were becoming 
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more adverse. The difficulty was found to be related partly to the 
acidity of the soil. Additions of liming materials usually helped to 
remedy the situation. 

•m' 

The legumes that are most sensitive to soil acidity and lack of 
calcium are, for the most part, the small-seeded ones, such as alfalfa, 
sweet clover and red clover. Such seeds have little reserve, the 
root systems of the seedlings are limited, and the plants grow very 
slowly at first. When growth is slow, plants are very apt to succumb 
to summer drought and winter killing during the first year. 



Courtesy of Department of Agronomy, North Carolina State College 


Figure 2 . — Low calcium in the fruiting zone of large type Virginia peanuts shows at harvest 
in the form of many pops (unfilled shells). Calcium sulfate (land plaster) was applied in 
the fruiting zone on one side of the plant but not on the other. Note the well developed 

nuts obtained by applying calcium sulfate (left). 


The effect of lime on peanut growth on a low-calcium soil is shown 
in figure 1. Applications of lime gave larger, greener plants and 
greatly increased yields. With large-type Virginia peanuts, a high 
percentage of pops (unfilled shells) at harvest is a good sign of 
calcium deficiency. The calcium level in the fruiting zone has a 
definite influence on the filling of the fruit. A low level of calcium 
gives many pops (figure 2). The response of Spanish peanuts, or 
small-runner types, to soluble calcium is not as marked (26). 

Red clover, when grown in sand cultures, exhibits pronounced 
calcium-deficiency symptoms if calcium is omitted from the com- 
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plete nutrient solution (13). The plants grow normally at first, 
with only the calcium that is contained in the seeds. The plants 
soon stop growing, however, and evidence of deficiency appears a 
few days later. The symptoms are mainly of three kinds: (a) 
Chlorosis appears in the form of small white dots, distributed 
irregularly over the entire surface of full-grown older leaves. 
After 6 to 8 days, these dots become gray, and the rest of the leaf 
grayish green, (b ) IMany of the petioles of the older leaves collapse, 


Fig UTC J. — Calcium- 
deficient red clover. 
Note the collapsins 
leaf stalks. The leaf 
blades remain turbid 
for some time before 
wilting occurs. 


f 



Courttsy oj Department oj Agronomy, University of Illinois 


allowing the leaf to droop, but without immediate wilting of the 
leaf blades (figure 3). After several days, these leaves wither 
and die. (c) The emerging young leaves are small, undeveloped 
and unfolded, and the petioles do not lengthen. More new leaves 
emerge similarly, in rapid succession, forming a clump at the 
crown. Calcium deficiency is generally manifested in the actively 
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growing parts, as calcium is relatively immobile in the plant. 

Though the functions of calcium are not fully understood, the 
sy mptoms observed would indicate that this element plays a role 
in cell-wall formation. Weakening of the cell walls causes the sud- 
den collapse of the leaf petioles. In nitrogen or potassium de- 
ficiency. dehydration or drying-out occurs first. 

With most crops, the calcium problem is taken care of by an in- 
telligent liming program. With peanuts, however, a relatively 
soluble source of the element, such as calcium sulfate, may be re- 
quired. in addition to or in place of lime, in order to insure a high 
calcium level in the fruiting zone (36). 

NITROGEN DEFICIENCY 

If legumes are to be supplied with adequate quantities of nitro- 
gen, it is first necessary that a sufficient number of the proper nodule 
bacteria be present to carry on nitrogen fixation. There are several 
different groups of nodule bacteria and each group inoculates a 
given legume or group of legumes. For example, the nodule 
bacteria that inoculate alfalfa will not function on soybeans. Good 
inoculation is shown by large nodules centrally located on the root 
system. When a new legume is introduced into an area, artificial 
inoculation is commonly necessary the first year or two that it is 
planted. 

The effect of inoculation on soybeans is shown in plate 1, page 297. 
This photograph was taken some years ago on the University of Illi- 
nois farm. Few such demonstrations are now possible in the Corn 
Belt because widespread planting of soybeans has brought about ex- 
tensive distribution of the soybean nodule bacteria in the soil. A 
similar build-up of alfalfa and sweet clover nodule bacteria has 
taken place. Nevertheless, it is usually advisable to inoculate the 
seed before they are grown. 

Another example of the need for proper nodule bacteria is shown 
by an experiment with white clover (plate 2, page 297). Very good 
growth was obtained by using an efficient strain of bacteria, whereas 

little growth was obtained with an inefficient strain. 

The nitrogen-fixing bacteria must have proper conditions under 
which to work, once they are in the soil. They thrive only within 
certain ranges of soil reaction and, in general, their vigor and effec- 
tiveness are lowered with increasing soil acidity. The nodule bac- 
teria differ greatly, however, in reaction requirements. For e.v 
ample, red clover bacteria can function efficiently under more aci 
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Courtesy of Department of Agronomy, Purdue University 

Figure 4 , — Red clover makes slow growth on an infertile soil when phosphorus or potassium 

is omitted, second and third pots from left, respectively. 



Courtesy of Department of Agronomy, Purdue University 

Figure S . — Sweet clover makes slow growth on an infertile soil when phosphorus or potassium 
is omitted, second and third pots from left, respectively. This is the same soil as was used for 
red clover in figure 4. Note the difference in the nitrogen response of the two crops. The soil 
was apparently too acid for the best functioning of the nitrogen-fixing bacteria on sweet clover. 
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conditions than can those of sweet clover (compare figures 4 and 5). 
The length of time the bacteria persist in the soil in the absence of 
the legume host also tends to decrease with increase in soil acidity. 
Liming is an essential practice in the maintenance of optimum soil 
conditions for legume bacteria. 

The possibilities in the addition of nitrogen fertilizer to legumes 
have been investigated. An application of nitrogen at planting 
is recommended for small-seeded legumes, such as alfalfa, on light 

soils. The young seedlings may need nitrogen before the nodule 
bacteria can begin to function. 

Norman (31), working on Iowa soils, found that soybeans re- 
sponded to applications of nitrogen. Although the soybean plants 
grew well when nodulated, maximum yields were not obtained un- 
less additional nitrogen was supplied. Investigations on three 
Coastal Plain soils in North Carolina, however, showed little re- 
sponse to nitrogen applications (45). The soils were limed and 
fertilized and the soybeans were well nodulated. The growing 
season is longer in North Carolina than in Iowa, and this may allow 

the nodule bacteria sufficient time to fix adequate quantities of 
nitrogen. 

Another important point that must be considered in the use of 

nitrogen fertilizers is that they tend to stimulate grasses and weeds 

and these plants may compete seriously with the legume for the 

essential mineral elements. Reductions in legume stands may also 
result. 

Symptoms 

It is common knowledge that nitrogen-deficient plants are paler 
green than healthy plants. This is very common in legumes. De- 
ficiency is indicated when the leaves become pale green, with a 
yellowish tinge. Later the leaves may become distinctly yellow, 
the chlorosis spreading evenly over their entire surfaces. The de- 
ficiency usually appears first on the leaves at the base of the plant, 
but it spreads quickly to the upper part. Progressive stages of 
nitrogen deficiency on soybeans are shown in plate 3, page 298. 
The plants were grown in gravel culture. 

Nitrogen-starved leaves remain chlorotic for many days, the plant 
making no apparent growth. If not allowed to go too long, the green 
color can be promptly restored by supplying available nitrogen in fer- 
tilizer form. Eventually, nitrogen-deficient plants lose their leaves, 
those on the lower part of the plant dropping first. Analyses have 
shown these shed leaves to be very low in nitrogen. 
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If legumes have uniformly pale green to yellow leaves, it is well 
to dig up some plants to see if the roots are well nodulated. A soil 
sample should also be taken to determine the pH and calcium 
levels. On acid soils, liming, adequate fertilization, and artificial 
inoculation will go a long way toward stimulating the nodule bac- 
teria to fix adequate amounts of nitrogen. 

PHOSPHORUS DEFICIENCY 

Legumes, as a group, have relatively high phosphorus require- 
ments. Although the amount of phosphorus in legume plants varies 
widely, it is never as high as that of nitrogen or potassium. On the 
average, legume hays contain about 2.5 percent nitrogen, 0.5 percent 
phosphoric acid, and 2.0 percent potash. The seed accumulate 
relatively large amounts of phosphorus, particularly in the case of 
the large-seeded legumes. 

Symptoms 

Symptoms of phosphorus deficiency are not as well defined as 
those of many other deficiencies. The chief symptoms are a re- 
tarded rate of growth and spindly plants, with the leaves turning 
dark green or bluish green. The response to phosphorus is often 
most marked during the early growth period. At that time the 
plants have a limited root system and depend to a large extent on 
localized applications of the element. Later in the growing season, 
the response to phosphorus may be much less noticeable. As the 
roots extend, the plants depend more and more on the soil phos- 
phorus. The growth response of soybeans at blooming time is 
shown in plate 4, page 298. Plants suffering from phosphorus 
deficiency tend to be delayed in blooming and maturing. 

In certain of the legumes, phosphorus deficiency results in the 
leaf blades being tilted upward and the leaves may appear to be 
rather pointed. The stems may also turn red under severe deficiency. 
This color tends to develop if a lack of phosphorus, or of any 
other element, interferes with the utilization and transfer of 
carbohydrates. The accumulated sugars favor the formation of 
the reddish pigment, anthocyanin. A limited supply of phosphorus 
also interferes with nodule activity in that the number of nodules, 
as well as their efficiency of nitrogen fixation, is greatly reduced. 

Dwarfed red clover and sweet clover plants grown without phos- 
phorus are shown in figures 4 and 5 (second pot from the left in 
each photograph). This soil was very low in available phosphorus. 
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It is usually very difficult to be sure in any given field that the 
crop is or is not phosphorus-deficient. In fact, the dark green leaves 
of phosphorus-deficient plants often give the impression that the 
plants are very healthy. Soil and tissue tests are an aid in determin- 
ing the level of phosphorus in soil and plant. Phosphate fertiliza- 
tion of a small area in a given field, followed by close observation 
of growth response, is also desirable. 

POTASSIUiM DEFICIENCY 

Potassium deficiency is perhaps the most outstanding and easily 
recognized symptom in legumes (17). Most of the common legume 
species require relatively large amounts of this element. Farmers 
often fail to consider this fact, and the continued growing of legumes 
on a given area, without adequate renewal of the potassium, soon 

depletes the soil of this element. Yields then decrease and de- 
ficiency symptoms appear. 

Legumes, as a group, require liberal liming. In general, liming 
increases the potassium requirements on soils having low reserves 
of this element. Much of this may be attributed to the greater 
removal of potassium because of the better crops grown after the 
soil has been limed. In addition, the calcium: potassium ratio in 
plants is greatly affected by liming. Work on alfalfa indicates 
that, when this ratio becomes greater than 4:1' yields will be de- 
pressed, and the plants will respond to potassium applications (6, 
22). Potassium-deficiency symptoms will not appear, however, 
until the ratio becomes approximately 8:1. In other words, high 

amounts of calcium in relation to potassium disturb the nutrient 
balance in the plant. 

Symptoms 

The broad-leaved legumes, such as soybeans, quickly show evi- 
dence of insufficient potassium by irregular yellow mottling around 
the edges of the leaflets (plate 5, page 299). These chlorotic areas 
soon merge, forming a continuous yellow border around the tip and 
along the sides of the leaves, but rarely around the base. Death of 
the chlorotic areas follows promptly, along with a downward cupping 
of the leaf edges. Then the dead tissue falls out, giving the leaflet 
a ragged appearance. The marginal firing often spreads to include 

half or more of the leaflet area, while the center and base still re- 

^ * 

main green (plate 6, page 299). Potassium-starvation symptoms in 
cowpeas closely resemble those in soybeans. 

' Cation-equivalent ratio. 
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When the supply of potassium gives out late in the growing 
period, during late bloom for example, pronounced chlorotic con- 
ditions are less likely to appear. Instead, the upper leaf petiole 
below the leaflets turns brown and then black. The leaflets then 
droop and die. A deficiency of potassium tends to produce poor 

quality soybean seed (figure 6). 

Potassium deficiency is one of the common causes of “alfalfa 
yellows.” This condition may be caused by a variety of other 



Courtesy oj Department of Agronomy, North Carolina State College 

Figure 6 . — Seeds of potassium-deficient soybean plants are wrinkled and misshapen. The 
figures indicate the pounds of potash applied on the growing plants. Note the inferior beans 

with the low rates of potash. 


nutritional factors, however, including deficiencies of boron, nitro- 
gen, manganese and sulfur. It may also be the result of insect 
injury, so that close examination is necessary in order to identify 
the specific trouble (11, 12). 

Potassium deficiency in alfalfa has been described as follows 
(11): Small white spots around the margin first appear on the green 
leaves. Later the tissue between these spots becomes yellowish- 
green to yellow and finally dies and turns brown (plate 7, page 300). 
The severity of marginal yellowing increases progressively from the 
top of the shoot downward to the older lower leaves. In instances of 
severe deficiency, the symptoms of marginal yellowing may be much 
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more pronounced than the spotting. Potassium moves very readily 

\\ithin the plant. Lnder conditions of deficiency, the potassium 

moves from the lower leaves toward the top of the plant. This 

helps to explain the more pronounced symptoms on the lower leaves. 

Care must be used in differentiating between the white spots that 

are due to insect injury and those resulting from potassium de- 
hciencv. 

In a crop such as alfalfa, where several cuttings are removed, 
the intensity of potassium deficiency may increase as the season 
advances. Often the first cutting may show little of it, whereas 
ater cuttings may show quite severe deficiency. This is explained, 
in part, by the fact that in winter the potassium-bearing minerals 
weather to release potassium that is utilized in spring and summer 
growth. Deficiency symptoms involving only yellow leaf margins, 
without the spotting, may occur during the middle of the summer. 

Stands of alfalfa have been known to persist many years longer 
w en potassium fertilizers were applied. Loss of stands has some- 
times been attributed to winter killing. The plants may even die 
out in the summer. In many such cases the poor vigor of plants, 
resulting from a deficiency of potassium, has made them more sus- 

weeds in an alfalfa field may be a hunger 
sign. In New Jersey, weeds growing in a potassium-deficient alfalfa 
e contained several times as high percentages of potassium as 
t e alfalfa and, apparently, were growing normally. 

A 3-ton crop of alfalfa removes about 135 pounds of potash, the 
equivalent of 270 pounds of SO percent muriate of potash. The 
average grower does not appreciate the extent of this removal. 
When alfalfa contains less than 1 to 1.25 percent potash, a profit- 
able response from potassium applications may be obtained (6, 9). 
On the other hand, alfalfa is a good example of a crop that will 
absorb potassium in considerable excess of the amount needed, 

sometimes containing as high as 4,0 percent potash. This is called 
luxury consumption. 

Potassium deficiency in Ladino clover is first shown by the appear- 
ance of a few small yellow spots, usually near the margins of the 
leaflets (plate 8, page 300). Necrotic areas soon cover most of the 
leaf surface, except around the midrib. The edges turn yellow and 
the leaflets shrivel to an irregular curled shape. The symptoms in 
alsike (plate 9, page 301 ), red clover and sweet clover are very much 
like those in alfalfa and Ladino. The growth responses of red clover 
and sweet clover are shown in figures 4 and 5. 
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Peanuts remove large amounts of potassium, but actual deficiency 
symptoms seldom appear on this crop in the field. Crops such as 
soybeans, when grown in rotation with peanuts, may suffer severe 
deficiency, however, if sufficient potassium is not applied. This is 
a good illustration of the difference in the ability of crops to absorb 
available potassium. This difference may be related, in part, to the 
type of root system, but the complete mechanism is unknown. 

In general, legumes are stunted in growth before visual potassium- 
deficiency symptoms become evident. Investigations with soy- 
beans, on Coastal Plain soils, have shown that yield increases from 
applications of potassium may be expected, even when the leaves 
do not show marginal yellowing (30). Greenhouse investigations 
with alfalfa reveal that a yield response to potassium will be ob- 
tained, even though deficiency is not extreme enough to cause visual 
symptoms (6). Field studies in New York, however, under a wide 
range of conditions, indicate that when less than 15 percent of the 
plants show deficiency symptoms the yield responses to potassium 
applications are often not significant (9). 

MAGNESimi DEFICIENCY 

Legumes normally contain two to three times as much magnesium 
as do the grasses ( 48 ) . Magnesium has an important role in chloro- 
phyll formation in that it is a part of the chlorophyll molecule. 
Magnesium also plays a role in oil formation. The latter function 
is particularly important in the large-seeded legumes, which are 
grown largely for oil. 

There is some evidence that magnesium affects the utilization of 
available soil phosphorus (42). Truog, in working with pea seed, 
found that the phosphorus content of the seed was increased much 
more with the use of extra magnesium than with extra phosphorus. 
This suggests that these two elements are closely related in the 
nutrition of plants. There is actually a greater amount of mag- 
nesium than phosphorus in most legumes. 

An abundant supply of potassium tends to decrease the uptake 
of magnesium. Studies in New Jersey showed that, as the potas- 
sium supply decreased with repeated harvests of a crop like alfalfa, 
the magnesium content of the plant increased, even when it was 
growing on a soil that was very deficient in this element (34). This 
indicates the importance of a good supply of magnesium when high 
amounts of potassium are used. 

Magnesium is also related to the nitrogen status of legumes. 
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Work at ^Missouri has shown that the magnesium supply definitely 
affects nitrogen fixation (20). The addition of magnesium under 
conditions of deficiency made it possible for the nodule bacteria to 
act more efficiently, and greener, larger soybean plants were pro- 
duced. 

The soils in the Atlantic and Gulf Coastal Plains are most likely 
to be deficient in magnesium. This is due to the low amounts 
present and to the depressive effects on magnesium absorption of 
the liberal amounts of potassium that are being used on these soils. 



Symptoms 

Magnesium hunger signs vary 
with the legume and with its 
stage of growth. In the early 
stages, the areas between the 
main veins of the leaves of soy- 
beans and cowpeas become pale 
green (plate 10, page 301). 
These areas later turn a deep 
yellow, except at the base of 
the leaf. The lower leaves are 
likely to be affected first. 

Appearing at a late stage of 
growth, magnesium deficiency 
gives the general appearance of 
early maturity. There is a curl- 
ing downward of the leaf mar- 
gins, a gradual yellowing from 
the margin inward, and a bronz- 
ing over the entire leaf surface. On a magnesium-deficient soil, 
additions of magnesium were found to retard maturity of soybeans, 
as measured by their moisture content at harvest time (29). 

In crotalaria, magnesium deficiency is shown by a yellowing of a 
broad margin of the leaf (plate 11, page 302). The base and center 
of the leaves and, to some extent, the veins remain green. The 
amount of reduction in growth depends, of course, on the severity of 
the deficiency. With less intense deficiency, the reduction in growth 
is not great ( Figure 7 ) . In severe cases, however, there is an almost 
complete yellowing of all leaves, with a marked reduction in growth. 

When peanut plants were grown with inadequate magnesium m 
sand cultures, the older leaves became chlorotic at the leaf margins 


Courtesy oj Department oj Agronomy, 
Alabama Polytechnic Institute 

Figure 7 . — Mild magnesium deficiency in cro- 
talaria or other legumes may result in only a 
moderate reduction in growth. Left, low mag- 
nesium; right, adequate magnesium. 
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(8). This chlorosis later advanced toward the midrib, and the leaf 
margins became orange in color. With very low magnesium in 
the rooting and fruiting zone, additions of magnesium increased 
the number of filled nuts (38). In another type of study, in which 
the fruiting and rooting zones were separated, the addition of mag- 
nesium salts to the fruiting zone was only slightly beneficial to fruit 
filling (7). In contrast to calcium, magnesium moves rather freely 
within the plant. 

The occasional use of dolomitic lime, when lime is needed, takes 
care of the magnesium problem with most legumes. Where legumes 
are grown in rotation with crops requiring an acid soil, such as Irish 
potatoes, a soluble form of magnesium may be necessary for both 
crops. 

SULFUR DEFICIENCY 

Although soils differ considerably in their content of sulfur, most 
of them contain an adequate supply for legumes. The native supply 
of this element in the soil is being continuously replenished by that 
coming down in the rain and snow. The amount of sulfur brought 
down in this manner may reach 100 pounds per acre per year near 
urban areas. The sulfur gases in the air are chiefly a result of the 
burning of coal or other fuels. In sparsely populated areas, the 
amount brought down in the precipitation may be only 4 to 5 pounds 
per acre per year. Since sulfur, as sulfate, is continually being lost 
in the drainage water, certain soils in these sparsely populated areas 
have become deficient in this element (14). 

In regions where legumes are fertilized with superphosphate, or 
with fertilizers containing it, there is little danger of sulfur de- 
ficiency. Superphosphate contains approximately 50 percent cal- 
cium sulfate, by weight, and hence furnishes a good supply of sulfur. 
Some fertilizers also contain potassium sulfate. 

Striking responses of alfalfa to applications of sulfur have been 
obtained in the Pacific Northwest. Responses have also been re- 
ported on alfalfa, as well as on other legumes, in certain areas in 
Minnesota, Montana and North Dakota. 

Symptoms 

In sulfur-deficient legumes the younger leaves, including the veins, 
turn pale green to yellow (14, 16). In later stages the older leaves 
turn yellow. The symptoms are very much like those of nitrogen 
deficiency, although, when nitrogen is limiting, the older leaves 
tend to be affected first. 
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Sulfur-deficient plants usually have a low protein content. This 
might be explained, in part, by the fact that sulfur is an important 
part of the protein molecule and any deficiency of the element slows 
down its synthesis. Poor nodule development and a low rate of 
nitrogen fixation are also usually associated with sulfur deficiency. 

DEFICIENCIES OF TR.ACE ELEMENTS 

A number of the elements that are essential for plant growth are 
required in such extremely small amounts that these elements are 
sometimes called trace or minor elements. From the standpoint of 
the nutrition of growing plants, however, they are just as important 
as the elements that are used in larger quantities. The trace ele- 
ments considered in this chapter are boron, manganese, iron, copper, 
zinc and molybdenum. 

One important aspect of the utilization of trace elements is 
the relation of soil pH values to their availability. Applica- 
tions of lime to decrease the soil acidity tend to result in a decrease 
in the availability of certain of these elements. On many soils, the 
use of relatively large amounts of lime brings about a chlorotic con- 
dition in legumes. This is spoken of as ‘‘overliming injury,” and 
may be caused by a deficiency of one or more of the trace elements. 
Since legumes require a reasonably high lime level in the soil, the 
high incidence of overliming is understandable. 

Another important characteristic of trace-element nutrition is 
that the optimum range in concentration is usually quite narrow. 
Relatively small increases above the optimum may have toxic effects. 
This is particularly true with boron. Five to 10 pounds of borax 
per acre, applied beside the row for soybeans or peanuts, will usually 
produce toxicity symptoms. On alfalfa, where the borax is broad- 
cast and worked in, however, 40 to SO pounds per acre may be used 
without injury. 

BORON DEFICIENCY 

Boron deficiency has been observed on a number of legume 
species. The first specific evidence on the importance of boron 
for plants was shown in 1923 (44). Since that time this element 
has received much attention. The actual amount of boron needed 
by plants is very small. A ton of alfalfa will contain about 1 ounce 
of it. Some soils are so low in boron, however, that they cannot 
supply even this small amount. 

Boron uptake is related to the supply of certain other elements, 
especially of the cations, and plants make normal growth only when 
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a suitable balance obtains between the uptake of boron and these 
other elements. Boron deficiency may be intensified by high ap- 
plications of potassium (37). Soils that have been liberally limed 
may also need additional boron, especially if the original supply of 
this element was low (23). This is the result both of the influence 
of lime on boron availability and of the increased growth following 
the use of lime. The high boron requirements of certain legumes 
thus may be related to the relatively large amounts of both calcium 
and potassium that are needed by them. 

Until a few years ago, it was practically impossible to establish 
and maintain a stand of alfalfa on many soils, notably on those in 
Southeastern United States. Applications of boron helped to solve 
the problem (46). The setting of seed in certain legumes also has 
been materially increased by boron applications in many areas. 


Symptoms 

Boron-deficiency symptoms in alfalfa have received the most 
attention and may be described as follows; The leaves near a grow- 
ing point are yellowed, sometimes reddened, but all the lower leaves 
remain a healthy green color (plate 1 2 , page 302 ) . Lateral terminals 
are sometimes affected. The plants are stunted by a shortening of 
the terminal internodes, resulting in rosetting, flowers fail to form, 
and buds appear as white or light brown dead tissue (12). 

Some reports indicate that a considerable amount of red to purple 
coloration appears with the yellow. A greenhouse study of the 
problem in New Jersey showed that high potassium and low boron 
resulted in red coloration and markedly abnormal growth. Low 
potassium and low boron resulted in yellowing, less severe ab- 
normality, and a higher boron content in the plants. 

Boron-deficiency symptoms in alfalfa appear most abundantly 
following a period of drought, and may be absent during a season 
of normal moisture, even though growth is retarded by lack of boron. 
The extent of the trouble is minimized if observations are made only 
in seasons of abundant moisture. It is exaggerated if observations 
are made only following a dry period, when the symptoms are wide- 
spread throughout the field. Usually the second and third crops 
are more severely affected than is the first. If moisture is plentiful, 
a field of alfalfa that shows pronounced yellowing from boron de- 
ficiency one year may show no symptoms whatsoever the next. 
Boron starvation is so closely related to drought that the yellowing 
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which is caused by boron deficiency is often attributed to dry 
weather (12), 

Symptoms of boron deficiency in alfalfa have been found to 
appear before the deficiency limits the yields significantly (15). 
Boron-deficiency symptoms are a good guide, therefore, in determin- 
ing when to apply borax. Care must be used, however, in differenti- 
ating leafhopper injury from boron deficiency (11). 

Boron-deficiency symptoms of Ladino clover are shown first by 
the leaves’ turning yellow (plate 13, page 303). The edges of some 

of these leaves later become bright 
red, and then turn brown and die. 
In Korean lespedeza, red colora- 
tion, sometimes with a purplish 
tint, affects the margins or the tip 
halves of leaves (plate 14, page 
303 ) . The abnormal color spreads 
over the entire leaf surface, includ- 
ing the veins. The leaf tips that 
are first affected die, turning first 
dark brown and later light brown. 
The symptoms are most marked in 
the younger portions of the plant, 
but are distributed over the entire plant. Red and alsike clovers 
show much the same symptoms. 

Typical boron toxicity, or burn, in young peanut and soybean 
leaves is shown by the dying of a narrow margin of the leaf edges, 
with little preliminary yellowing (figure 8). The leaf edge is very 
thin. Boron toxicity is usually most apparent in young plants but 
they usually recover from mild cases of burn. 

MANGANESE DEFICIENCY 

The supply of available manganese in the soil is closely related 
to the soil reaction. Manganese is more available in acid soils than 
in those that are neutral to alkaline in reaction. 

Manganese deficiency was found in Indiana on soybeans that 
were growing on soils with a high organic-matter content and a 
relatively high water-table (41). These soils had pH values of 6.5 
or higher. Similar deficiency on certain legumes has been reported 
on the alkaline organic soils in Michigan. These soils were neutral 
or alkaline either because of origin or because of the application 
of too much lime. Soybeans grown on soils high in organic matter 
along the Atlantic Coast in North Carolina, and in other States, fre- 



Courtesy of Department of Agronomy, 
Ohio State U niversity 

Figtire 8 . — Boron toxicity symptoms in soy- 
beans. The narrow margin around the edge 
of the leaves fires and is very thin. 
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quently suffer from manganese deficiency at pH values as low as 6.0. 
In fact, severe manganese deficiency has been observed at pH 5.8. 

Manganese deficiency may occur on very sandy soils as a result 
of overliming. The amount of manganese in such soils is usually 
very low, because the parent materials may have been low in the 
element or because it became soluble under the acid soil conditions, 
and the heavy rains leached it out. 

Symptoms 

The general symptoms of manganese deficiency in legumes are 
light green to yellow leaves, with distinctly green veins. Manganese 
deficiency on soybeans is shown in plate 15, page 304. The areas 
between the veins over the whole leaf become pale green and then 
pale yellow. The veins stand out distinctly. In severe cases, brown 
spots (necrotic areas) appear on the leaves after a few weeks, and 
the leaves drop off prematurely. 

The pattern of manganese deficiency in soybeans differs from 
that of magnesium in that in magnesium deficiency the veins do 
not stand out so prominently and the base of the leaf is not 
affected. 

In the field, manganese-deficiency symptoms normally develop 
first in the younger leaves. After a heavy rain, however, the newly 
formed leaves may be normal, but the older leaves may remain 
chlorotic. Excess water may bring about reducing conditions in 
the soil, and additional manganese may be made available to the 
plant. Under some circumstances, slight deficiency symptoms may 
appear early and then disappear. As the roots develop they come 
in contact with more soil, and the small amount of manganese 
needed can be more easily obtained. In addition, the roots may 
penetrate into a more acid soil horizon. 

In manganese-deficient peanuts the veins do not stand out as 
clearly as in the case of soybeans. In the early stages, the chlorosis 
appears as a pale yellow between the veins. Later in the growing 
period the chlorosis takes on a definitely bronzed appearance. 

Manganese deficiency has been reported on alfalfa and red clover 
in New Jersey on heavily limed Collington sandy loam (18). The 
reaction of the surface soil was pH 7.2 and the subsoil pH 6.9. 
Both crops were very stunted in growth and the leaves showed 
marked interveinal chlorosis. One week after application of a 
top dressing of 50 pounds of manganese sulfate per acre, the plants 
regained their normal color and resumed growth. This instance of 
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deficiency represents an unusual case, as alfalfa and red clover are 
crops that are generally considered capable of obtaining sufficient 
manganese from well-limed soils. 

Manganese deficiency can be readily corrected in most legumes 
by spraying the leaves with a 2 percent solution of manganese sul- 
fate. Normal color will be regained in 3 to 7 days if the trouble 
is due to a lack of manganese. This method is often used in iden- 
tifying manganese deficiency. 

IRON DEFICIENCY 

Although chlorosis due to iron deficiency is not frequently ob- 
served in legumes, it may appear on plants growing on calcareous 
soils (those with free calcium carbonate). Iron-deficient soybeans 

have been reported in Iowa on a calcareous soil with a pH of 7.9 
(28). 

There is a close relationship between manganese chlorosis and 
iron chlorosis (39, 40). Work with soybeans has shown that the 
iron ; manganese ratio is very important. With a low ratio, iron de- 
ficiency (manganese toxicity) is developed. With a high ratio, iron 
toxicity (manganese deficiency) is developed. In the former in- 
stance, the addition of iron raises the ratio and the plant resumes 
normal growth. In the latter instance, the addition of manganese 
lowers the ratio and the plant also resumes normal growth. 

Symptoms 

In soybeans, the initial stages are shown by a yellowing and slight 
curling of the upper leaves, with the veins remaining green (39) 
(plate 16, page 304). The yellowing continues until the newer 
leaves, and at times the veins and midrib as well, become almost 
paper white. For several days, the leaves retain the ability to 
recover their normal green color on receiving adequate quantities of 
iron. Soon, however, numerous brown spots of dead tissue (necrosis) 
appear near the leaf margins. Iron is comparatively immobile in 
growing plants and is not moved from the older leaves to the 
younger tissues when a deficiency sets in. Thus leaves that were 
once green remain so, while the younger leaves become chlorotic. 

Peanuts, which were grown in the greenhouse on Sumter and 
Houston clays that were high in free calcium carbonate, became 
chlorotic (10). The yellowing disappeared when the plants were 
sprayed with a dilute solution of ferrous sulfate. Alfalfa on these 
soils did not become chlorotic. 
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It is difficult to distinguish between iron and manganese de- 
ficiencies during the early stages, since, in both cases, the veins are 
green. An effective means of identification is to spray one plant 
with a 1-percent solution of ferrous sulfate and another with a 
2 -percent solution of manganese sulfate. Normal color should be 
regained from one or the other of the treatments in 3 to 7 days. The 
response of iron-deficient soybeans to a ferrous sulfate spray is 
shown in plate 17, page 305. 

COPPER DEFICIENCY 

If copper is added to soils, it may serve two purposes. First, it 
may function as a plant nutrient in soils that are deficient in the 
element. Second, it may correct certain unfavorable conditions in 
organic soils. In this capacity, it may favor oxidation processes 
(46, 47). Soils high in organic matter, particularly new peat soils, 
have received much attention in this respect. Applications of 30 
pounds of copper sulfate per acre on raw peat soils in the Florida 
Everglades have produced remarkably good responses in soybeans, 
cowpeas, peanuts, crotalaria, lespedeza and other legumes (3). 
Responses of subterranean clover and alfalfa to applications of 
copper have been reported, when grown in sand cultures (33). 

Symptoms 

Subterranean clover, when grown in sand cultures in the absence 
of copper, developed light green leaves that were characterized by 
the absence of the usual dark marking near their centers (33). 
Many of the plants died, withering suddenly without any symptoms. 
In alfalfa, there was a tendency for the leaflets to be folded back 
along the petiole. These leaves withered shortly and the stem tips 
ceased to grow. Copper-deficient plants look very much like those 
produced under drought conditions. 

Copper deficiency on legumes that are grown on raw peat soils 
is characterized by the leaves becoming blotched with yellow and 
brownish-yellow areas (3). Growth is severely limited, the leaves 
wither, and excessive shedding occurs. 

ZINC DEFICIENCY 

Responses of legumes to applications of 20 pounds of zinc sulfate 
per acre have been reported on sandy soils in central and northern 
Florida ( 5 ) . Corn that was grown on these same soils was severely 
affected with white bud (zinc deficiency) . Field responses to appli- 
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cations of zinc have been obtained on alfalfa and subterranean 
clover in Australia. 

Zinc has been found to be essential for seed production in certain 
legumes (35 ). In sand cultures involving the use of purified chem- 
icals. growth proceeded to a certain point, but not far enough for 
seeds to develop. Lott (24) has shown that the availability of zinc 
decreases as the soil pH value rises. Above pH values of 6.0 to 6.5, 
availability is greatly reduced. The availability of zinc to plants is 



Courtesy of Citrus Experiment Station, University of Florida 

Figure 9 . — Zinc deficiency on cowpeas. Left, healthy leaflets. Right, various stages ol 
deficiency. The leaf tissue between the veins becomes yellow and the area along the veins 

remains green. Zinc sulfate increased yields on this soil. 

not entirely dependent on soil reaction, however, since the deficiency 
is much more prevalent on some soil types than on others. 

Symptoms 

In Florida, on zinc-deficient soil, cowpeas developed small brown 
spots on the lower leaves (5). The leaf tissue between the veins 
then became yellow, with the area along the veins remaining green 
(figure 9). The tissue in the brown spots died completely, an 
often the edges of the leaves were dead or crinkled. The leaves 
fell and were replaced by healthy ones. The plants, however, were 
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stunted. Velvet beans showed much the same symptoms on this 
soil. In the same field, peanut yields were increased by an applica- 
tion of zinc sulfate, but there was no visual evidence of malnutrition. 

Growth responses from applications of zinc have been obtained 
on alfalfa grown in specially purified culture solutions (figure 10). 
In very severe cases, the stems fail to elongate and dieback occurs. 
The symptoms are very difficult to recognize, however, if zinc- 
treated plants are not available for direct comparison. 



Courtesy of Division of Plant Nutrition, Cniversity oj California 


Figure 10 . — Response of alfalfa plants to zinc in specially purified cultures. Each 2-liter 
beaker had 10 plants growing in a complete Hoagland’s culture solution with varying amounts 

of zinc. 

MOLYBDENUM 

Responses of legumes to molybdenum applications in the field 
have not been reported in the United States (21). On a South Aus- 
tralian ironstone soil, however, herbage legumes have shown consid- 
erable response to small applications in the field (4). Amounts on 
the order of 1 ounce molybdenum oxide per acre were adequate. 
The effects on subterranean clover have received considerable atten- 
tion. Grasses did not show much response. A large part of the 
benefit from molybdenum appears to be due to its stimulating effect 
on the nodule bacteria. Work with Azotobacter and Rhizobium, in 
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purified cultures, has shown that additions of molybdenum multiply 

nitrogen fixation several fold (27). Applications of molybdenum 

increased the nitrogen content of alfalfa in New Jersey from 2.88 

to 3.08 percent, as an average of five cuttings over a 2-ycar period. 

The yield increase was not significant, however. Care must be 

taken in using additional molybdenum, since the element tends to 
be toxic to animals. 

Symptoms 

In pot experiments, using the ironstone soil mentioned above, 
sodium molybdate, at the rate of 2 pounds per acre, doubled the 
yield of alfalfa (4). The leaves of untreated plants were yellowish 
to pale green while the treated plants were dark green. This 
chlorosis is largely a result of a low-nitrogen content. 

INSECT D-AM.-^GE 

Considerable care must be exercised in diagnosing nutrient-de- 
ficiency symptoms if they are not to be confused with insect damage 
(plate 18, page 305). Leafhopper damage is especially confusing. 
The leafhopper punctures the midrib of the leaf, and the resulting 
yellow or red discoloration is in the form of a “V.” the apex of which 
represents the point of feeding (plate 18. left). In alfalfa, this “V" 
type of yellowing or reddening provides one of the best means of 
recognizing leafhopper injury. 

Spots that are caused by the garden flea beetle on alfalfa may 
sometimes be mistaken for the beginning of potash deficiency. 
Yellowing does not develop between the spots, however. 

Thrip damage often gives rise to peculiar malformations on pea- 
nuts early in the growing season (plate 18. right). In late May and 
early June, in North Carolina, a flood of inquiries is received asking 
“What’s wrong with my peanuts?” Applications of DDT usually 
solve the problem. 
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KEY TO PLANT-NUTRIENT DEFICIENCY SYMPTOMS OF LEGUMES 


I. Effects general on entire plant or confined to older or lower leaves. 

A. General on whole plant; also yellowing and drying up or firing of lower 

leaves. 

1. Plant light green. Lower leaves affected first but other leaves soon 
follow. Lower leaves fade to pale yellow then brown with later shed- 
ding. Stunted growth. Due to lack of nitrogen fixation by bacteria. 

2. Plant dark green. Petioles and leaflets tilted upward. Plants spindly 

and stunted. The stems may turn red 

B. Localized, occurring as mottling or chlorosis with or without spots of 

dead tissue on lower leaves; little drying up of lower leaves 

1. Areas between main veins become pale green which later turns deep 
yellow. The base and lower center of the leaf are not affected. De- 
ficiency appearing at a late stage of growth is shown by a downward 
curling of leaf margins, a gradual yellowing from the margin inward 

and bronzing 

2. Yellow mottling around the edges of the leaf. Chlorotic areas merge 

forming a rather distinct, continuous yellow border around the tip 
end and along the sides of the leaf. This area soon dries and the dead 
tissue falls out. In small-leaved legumes there is a tendency for leaves 
on all parts of the plant to be affected, with small white spots appear- 
ing around the leaf margins first. Stunted growth, 

3. Brown spots develop with yellowing of the leaf tissue between the 
veins. Dead tissue drops out of chlorotic areas. Stunted growth. . . . 


Element 

DEFICIENT 


Nitrogen 

Phosphorus 


Magnesium 


Potassium 

Zinc 


II. Effects localized on newer leaves of plant — Stunted growth. 

A. Terminal bud dies following distortions at the tips or base of young 
leaves. 

1. Leaves near the growing point are yellowed and sometimes reddened. 

Lower leaves remain healthy green color. Internodes shortened form- 
ing a rosette. Buds appear as white or light brown dead tissue. 

Little flowering. Boron 

B. Terminal bud remains alive. 

1. Light green to yellow leaves with all veins remaining distinctly green. 

Spots of dead tissue appear on the leaf. Heavy rains may cause 


chlorosis in young leaves to disappear Manganese 

2. Leaves yellow to almost white with principal veins remaining green. 

Spots of dead tissue appear particularly at the leaf margins. Tissue 
drops away Iron 

3. Leaf including veins turns pale green to yellow. Young leaves affected 

first Sulfur 

4. Young leaves may wilt and wither without chlorosis. Excessive leaf 

shedding occurs Copper 
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Courtesy oj Department of Agronomy, V niversity of Illinois 

Plate 1 . — Symptoms of nitrogen deficiency appear in uninoculated soybeans growing in a soil 
which does not contain the appropriate nitrogen-fixing nodule bacteria. Note the pale green to 
yellow’ish color and the lower height of the plants in the uninoculated check strip. 



Courtesy of Division of Soil Management and Irrigation, BPISAE 


Plate TThe proper nodule bacteria must be present in order to secure good growth of a 
legume. The white clover in both pots was inoculated. Rights a poor strain of bacteria was 
used; note the yellow and dying plants. Left, an efficient strain of bacteria was used; note 

the healthy green plants. 
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Courtesy oj V . S. Regional Soybean Industrial Products Laboratory 


Plate J. — Soybean leaves showing progressive stages of nitrogen deficiency. The plants were 

grown in gravel culture under controlled condition. 



Plate 4 . — (jrowth response of soybeans to phosphorus. Left, no P 2 O 5 ; right, 40 pounds of 
per acre, in the field increased growth is the most prevalent response of legumes to phosphorus. 
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Courtesy of Agronomy Department ^ University of Illinois 

Plate 5. — Potassium-deficiency symptoms in soybean leaves, early stages. Chlorosis begins with 
yellow mottling, then forms a continuous band along the sides and tip end of the leaf. 


k 



Courtesy of Agronomy Department , University of Illinois 

Plate 6. — Potassium-deficiency symptoms in soybean leaves, advanced stages. The chlorosis 
proceeds inward and the margins of the leaves fire to a medium brown color. The center of 

the leaf may still be green after the margin is completely dead. 
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Courftsy O ' .1 fi on Potash Institute 

Plate 7.— Alfalfa plants exhibit symptoms of 

in red clover. Chlorosis appears first as small dots; then .t ‘n^l'es '^*^„„e*broke« 

is followed by death of the tissues, which turn brown. The edfies of the le.nes hec 

and ragged in the more advanced stages. 



Courtesy of Diiisi>'n of Sou Management nmi h vipttwn, ^ 

Plate J.— Potassium-deficiency symptoms in Ladino \he*e*^|«*l'«*« 

are small yellow spots appearing near the edges „i,h the exception ol the 

vellow. With leaflets showing severe dehcencs^ the <="*■" 

* area near the midrib ma> be attecteo. 
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Plate 9 . — Alsike clover does 

appearance or 


Courtesy oj American Potash Institute, Inc. 
not differ appreciably from alfalfa and Ladino clover in the general 
detailed pattern of potassium-deficiency symptoms. 



Plate 10. — Magnesium-deficiency symptoms in soybeans. Left, normal leaf; right, chlorosis 
between veins due to magnesium deficiency. Early in the growing period, chlorosis from this 
cause may continue for some time without actual firing or death of the leaf tissues. 
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Courtesy of Department 0} Agrenomy, North Carolina State College 

Plate 11 . — Magnesium deficiency in crotalaria. A broad margin of tho leaf turns yellow, in- 
base and center of the leaves remaining green. There is a tendency for the veins to remain green 



Courtesy of Department oj Agronomy, North Carolina State 

p -Boron-deficiency symptoms in alfalfa. The leaves near the P°'"‘ Vere de- 

h... a eddish .inSd. Th. low.. I..... .....in • ''“j*' d.ld 

ficiency the flowers fail to form and the buds appear as white or light br 
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Courtesy of Department of Agronomy, Purdue University 

Plate 13, — Boron-deficiency symptoms in Ladino clover. The margins of the leaves are first 
yellowed and then take on a reddish tinge. The edges of the leaves later turn brown and die. 



Courtesy of Department of Agronomy, V niversit y of Illinois 

Plate 14. — Boron-deficiency symptoms in Korean lespedeza. Red coloration affects the margins 

of the tips of the leaves. The tip end fires and tends to split. 
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Plate 


Courtesy oj Depart mcut of Agrotiooty, ?<orth Carolina State College 

. Sovbean leaves showing manganese dehciency. The areas between the veins over the 

whole leaf become pale green and then pale yellow. The veins stand out very distinctly. 
F.ventually brown spots appear on the leaves and the leaves are shed. Manganese-dehcienc\ 

symptoms are \'er\ difficult to distinguish from those of iron. 



Courtesy of Atnericati Potash Institute, hic. 

1‘liite /rt— Iron chlorosis in soybeans (*ro«n on a calcareous soil. The 

turn veliow with the veins remaining green. Later the newer leaves, somet.mes mclud.ng 

veins, become almost paper white. 
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Courtesy of Department of Agronomy, Iowa State College 

Plate 17 . — Response of iron-deficient soybeans to ferrous sulfate spray. The row on the 
showed marked recovery within 10 days after being sprayed with 1.0 percent ferrous sulfate 
solution at the rate of 10 pounds per acre of Fe SO, • 7 H.O, The application was repeated after 
3 weeks. The treated beans yielded 30.8 bushels as compared to 11.6 bushels where no iron 

was applied. (Harpster silty clay loam pH 7.9). 




Courtesy of Department of Agronomy, Xorth Carolina State College 


Plate 18 , — These symptoms are not signs of nutrient deficiency. Left, leaf hopper injury on 
crotalaria. Note the characteristic yellow “V” at the tip end of the leaves. This is often rather 
widespread in peanuts. Right, thrip injury in peanuts. This type of malformation occurs rather 

early in the growing period. 
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CHAPTER IX 


Symptoms of Citrus Malnutrition 

By A. F, Campy H, D. Chapman and E. R. Parker^ 

T he use of specific symptoms as guides to the nutritional needs 
of citrus trees, which has been common for many years, prob- 
ably had its inception in the use of copper compounds to correct 
the symptoms of dieback or exanthema. In fact the use of the symp- 
toms involved in dieback as a guide to copper applications preceded 
any very clear understanding of the role of copper. As knowledge 
of the field has developed, the symptoms of zinc, manganese, iron, 
boron, magnesium and nitrogen deficiencies have been described 
and used as general diagnostic characters with notable success. The 
symptoms of these deficiencies fortunately have been quite definite 
and easily recognizable, so that in the hands of the citrus grower the 
information has been of great value as a guide to the nutritional 
needs of the tree. 

Mineral deficiencies have been much more widely distributed in 
Florida than in California or other citrus-growing areas because of 
the very light and acid soil and heavy leaching rains. Because of 
these and other factors, deficiencies developed soon after extensive 
areas of these light sandy soils were planted to citrus; and copper, 
zinc, manganese and magnesium have become generally used in 
commercial practice in addition to the commonly used nitrogen, 
phosphorus, calcium and potassium. Although mineral deficiencies 
are less common in citrus areas other than Florida, zinc and mild 
manganese deficiencies are widespread in California, and copper defi- 
ciency, though less common, is likewise well known. Iron deficiency 
is also quite common in California and Arizona, being severe under 
certain soil conditions. In many citrus areas the alkalinity of the 
soil, which results in the formation of insoluble compounds of many 
of the elements needed by the citrus tree, seems to be a contributing 
factor. 

In the succeeding discussion particular attention is given to defi- 
ciencies which occur commonly in the field and the symptoms of 
which are used as a guide in fertilizing practices. Symptoms known 

^A, F. Camp is v^ice director, Florida Agricultural Experiment Station, in charge Citrus 
Experiment Station, University of Florida; H. D, Chapman is professor of soils and plant 
nutrition and chemist in the Experiment Station, chairman of the Division of Soils and Plant 
Nutrition, University of California Citrus Experiment Station; and E. R. Parker is horti- 
culturist in the Experiment Station and chairman. Division of Orchard Management, 
University of California Citrus Experiment Station. George M. Bahrt, formerly soil tech- 
nologist, Soil Fertility Investigations, Bureau of Plant Industry, U. S. Department of 
Agriculture, co-author of this chapter in the original edition, has passed away since 
publication of that edition. 
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only from water and sand culture studies are discussed in less de- 
tail. A key at the end of the chapter summarizes deficiency symp- 
toms for ready identification and reference. 

Hr 

BORON DEFICIENCY 

Boron deficiency of citrus has been definitely identified in the field 
in Rhodesia, South Africa, where it was described in detail by Morris 
(51. 52 ). and in Florida where it was described by Camp ( 9 ) and 
Camp and Fudge (12). Though its occurrence in the field is limited, 
boron deficiency has been studied extensively both in water culture 
and in large tank soil cultures. Such studies were first reported in 
California by Haas, and later the anatomical and physiological 
features of the deficiency were described by Haas and Klotz (45). 
Later Chapman and Kelley (23 ) produced boron deficiency in orange 
trees growing in drums filled with a granitic soil. Recently Haas has 
reported (41 ) further descriptive symptoms on plants grown under 
controlled conditions. Morris did not find in the field all of the 
symptoms reported from water culture, but the symptoms produced 
in the above-mentioned drum experiments agreed in general with 
those of Morris save that a few leaves showed vein splitting. How- 
ever, this was not a conspicuous symptom as was the case with seed- 
lings or cuttings grown in the greenhouse. Boron deficiency is 
known in Rhodesia as “hard fruit” because of the lumps in the rind 
caused by gum impregnations, and this is the primary symptom seen 

in Florida. 

Symptoms 

Morris reported that boron deficiency in the field was character- 
ized by small water-soaked spots or flecks in the leaves, the spots 
becoming translucent as the leaves matured ( figure 1 ) . There was 
a premature shedding of leaves resulting in severe defoliation. He 
pointed out that the first symptom was a premature wilting of the 
trees which appeared to be out of proportion to the available supply 
of water, and that the leaf symptoms reported above were appar- 
ently subsequent to the wilting. The chief leaf symptom reported 
by Haas and Klotz as characteristic of boron deficiency in cultures 
was an enlargement of the veins, accompanied by a splitting an 

corking of the upper surface of the veins. 

Morris reported, however, that corking of the veins was not char- 
acteristic of boron deficiency in the field in Rhodesia. Accompaity- 
ing the leaf symptoms is a dying back of the trees and ^ 
upright growth similar to that occurring in zinc deficiency. The leal 
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symptoms and the wilting have not been seen in the field in Florida 
though an unthrifty growth has been observed. 

The chief fruit symptoms in the field reported by Morris include 
premature shedding of young fruits. Such fruits had brownish 
discolorations in the white portion of the rind (the albedo) , described 
commonly as gum pockets but more accurately as impregnations of 
the tissue with gum, an unusually thick albedo, and a peculiar “feel” 
on cutting, as though cheesy instead of normally crisp (figure 2). 



Courtesy oj Calijornia Agricultural Experiment Statio7i 


Figure 1 , — This picture shows translucent spots on young lemon leaves, one of the symp- 
toms of boron deficiency. 


Older fruits were misshapen, with an unusually thick albedo contain- 
ing gum deposits, seed failed to develop, and gum deposits were 
common around the axis of the fruit (plate 1, page 355). Affected 
fruits were unusually hard and dry, and the small amount of juice 
obtainable by hand squeezing was low in sugars. Subsequent to 
Morris’ report. Chapman and Kelley (23) and later Haas (41) re- 
ported the finding of similar fruit symptoms on trees growing in 
cultures. 

Fruit symptoms similar to those reported by Morris in Rhodesia 
were reported by Camp in Florida, and the occurrence of boron defi- 
ciency in citrus has become fairly common. This has apparently 
been associated with the excessive use of dolomitic lime which has 
had an adverse effect on the availability of boron. The occurrence 
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of symptoms has also been associated with drought conditions dur- 
ing the spring when the young fruit is developing. In years of heavy 
spring rainfall the symptoms are less commonly found. The situa- 
tion is complicated in the case of grapefruit by the fact that when 
arsenic is used to reduce the acid content of the fruit similar fruit 
symptoms may develop which are indistinguishable from those due 
to boron deficiency. Whether arsenic has an effect on the utilization 




Courtesy of California Agricultural Experiment Station 


Figure 2. — Y o u n g 
fruit from boron- 
deficient orange 
trees showing dark 
resinous areas in the 
albedo and lesions 
on the peel. 


of boron or whether these are parallel symptoms has not been deter- 
mined. ... -1 

Boron deficiency has not been identified in California citrus sous 

but some irrigation waters there contain sufficient boron to cause 
symptoms of excess on citrus trees. 

Cause and Treatment 


No cause for boron deficiency is given by Morris, but he reports 
excellent results from soil applications of boron followed by irriga- 
tion Spray applications have been found much safer and more 
satisfactory in Florida than soil applications because the soil appli- 
cations frequently fail to give satisfactory results during dry springs 
an^may rLlt in toxicity it made during the summer rainy season. 
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CALCIUM DEFICIENCY 

Calcium deficiency has never been reported from the field, and 
it appears rather doubtful that it will develop on the soils commonly 
used for citrus. On very acid sands in Florida, available calcium 
may be so low as to result in an unusually large intake of potassium, 
but results from applications of calcium have not been obtained 
except as they were associated with the use of limestone for the cor- 
rection of acidity and unfavorable base-saturation conditions of the 
colloidal complex in the soil. Under such conditions lime has given 
a response by producing more favorable soil-fertility conditions, but 
the use of other calcium sources which did not materially affect the 
reaction of the soil failed to produce any result that would indicate 
a condition of calcium deficiency. This was true even though the 
level of calcium in the soil was theoretically so low as to affect soil 
fertility adversely. The alkaline soils of California are well supplied 
with calcium, and irrigation waters in that State also provide this 
element. Symptoms of calcium deficiency have been reported from 
sand cultures by Reed and Haas (65, 66, 67) in California, and fur- 
ther information from similar sources has been developed by Chap- 
man and Kelley (23). 

Symptoms 

Some of the early culture work of Reed and Haas is difficult to 
evaluate, since the so-called vein chlorosis, in which the veins fade 
to a much lighter color than the surrounding tissue, is reported as a 
symptom, whereas it may be due to rotting of the roots. This symp- 
tom, which will be discussed in more detail under nitrogen deficiency, 
is the common result of girdling, damaged root systems, or other 
conditions which reduce mineral intake and disrupt the transfer 
of nutrients in the plant. Omitting this as a definite diagnostic 
symptom, it was found that leaves on calcium-deficient trees in sand 
culture developed a fading of the chlorophyll along the margins of 
the leaf and between the main veins (figure 3). Small necrotic 
(dead) spots developed in the faded areas, and in the case of lemon 
leaves these developed into larger burned areas (plate 2, page 356). 
There was a premature shedding of these leaves followed by the 
development of additional leaves which also fell prematurely. The 
twigs died back from the tip, and weak shoots developed from the 
lateral buds but these soon died. In later work with bearing orange 
trees grown in solution cultures out of doors, it was found by Chap- 
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Figure 3. — Calcium- 
deficiency symptoms 
on leaves of lemon 
(top row), grape- 
fruit (middle row), 
and sweet orange 
(bottom row). 
Note the yellowing 
of areas of internal 
tissue (mesophyll) 
and the peppering 
of small necrotic 
(dead) spots. The 
S3’mptoms are from 
trees in sand cul- 
tures, since calcium 
deficiency has never 
been reported in the 
field. 


man (unpublished) that the leaf symptoms illustrated and described 
above were produced only when potassium was high. When mag- 
nesium was high the trees were not characterized by as much die- 
back, but the leaves gradually turned yellow and a tree condition 
somewhat similar to nitrogen deficiency developed. The fruits pro- 
duced were undersized and somewhat misshapen, and the juice vesi- 
cles were often shriveled and the contents gelatinized. See figure 
for additional tree, leaf and fruit symptoms. 
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Courtesy oj Calijornia Agricultural Experimatt illation 


Figure 4. — Calcium-deficiency symptoms on Valencia oranges grown out of doors in sand 
cultures: A, showing extreme defoliation and dieback of tree supplied with high potassium, 
with high magnesium and low potassium defoliation was not nearly as severe, leaf necro- 
sis of upper side of leaf under conditions of potassium excess; the underside of the leaf 
was not affected; leaves from trees supplied with high magnesium and low potassium showed 
no such burn. C, fruit from calcium-deficient tree showing small size, and partially gelatinized 
and shriveled juice vesicles. The tree from which this fruit came was supplied with a low 
level of potassium and high magnesium. Fruit from calcium-deficient, high-potassium trees 
was large with a very coarse rind texture, in contrast to that shown here, 

COPPER DEFICIENCY 

Copper deficiency is widespread in Florida and occurs frequently 
in California. “Dieback,” the name by which it is commonly known 
in Florida, has been reported from other citrus-growing areas, but 
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the use of the term makes the accurate interpretation of some of the 
reports difficult, and in many cases the dying back is the result of 
other causes. Copper deficiency is apparently neither so common 
nor so serious in other areas as it is in Florida. In that State it is 
also known to growers as “ammoniation,” “red rust” or “exan- 
thema.” The symptoms were first described from Florida in 1875 
by Fowler (33), who considered the deficiency a fungus disease. 
In 1917, Floyd (32) in Florida described the symptoms in detail 
very much as they are recognized today. The origin of the use of 
copper as a corrective is obscure, but Floyd (31) reported successful 
results from the use of bordeaux sprays in 1913, and Grossenbacher 
( 36) reported successful results from soil applications of copper 
sulfate in 1916. The origin of the practice of inserting bluestone 
crystals under the bark is unknown. Although the use of copper as 
a corrective was common in both Florida and California, the trouble 
was not generally recognized as a copper deficiency until after suc- 
cessful work on zinc deficiency, which tended to clarify the situation. 

Symptoms 

The first evidence of mild copper deficiency is the occurrence of 
unusually large dark-green leaves on long, soft, angular shoots, the 
leaves being commonly of irregular contour, usually with a “bowing 
up” of the midrib. The soft twigs sag at the tips or become S-shaped. 
In this stage the tree appears to the casual observer as unusually 
vigorous, although in California this excessive growth is not so promi- 
nent. When the deficiency is more acute, very small leaves may 
develop and quickly shed on twigs that are going to die back, but 
on the older wood the leaves will be large, dark green, and somewhat 
twisted or malformed. This peculiar twisting and malformation 
of foliage is particularly common on copper-deficient grapefruit 
trees. In very acute cases the leaves may be greatly distorted, the 
margins irregular, and the color light green with a fine network of 
darker green veins. In such cases the growth of the twigs is re- 
stricted, fine and very angular. 

Following the appearance of the initial symptoms the affected 
twigs usually show a development of multiple buds. These produce 
a dense, somewhat bushy growth, particularly in lemon trees of 
moderate vigor. Occasionally gum pockets develop between the 
bark and the wood. These may rupture the bark and permit the 
gum to exude. In dry weather the gum collects and dries on the 
surface of the bark. However, it is readily soluble in rain water 
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and frequently is overlooked for that reason. As the deficiency be- 
comes more acute, new growth develops and then dies back for sev- 
eral inches (plate 4, page 357 ). In very acute cases heavy twigs 
having multiple buds put out a profusion of young soft shoots with 
small leaves which quickly die back from the tips. In this stage 
the twigs have a reddish excrescence over a large portion of the bark. 
Neither the dying back nor the reddish excrescence is so pronounced 




Courtesy of Florida AgricuUurat Experiment Station 

Figure 5. Pineapple orange tree (left) affected with acute copper deficiency showing dying 

back of new growth and v^ery large foliage on water shoots, tree (right) of same age and with 
same fertilizer treatment except that it has received applications of copper sulfate. 


in grapefruit as it is in oranges, and it is still less obvious in tan- 
gerines. As the acute stage is reached there is a pronounced loss 
of growth due to dying back, and in very serious cases the tree may 
be almost killed (figure 5). The dying starts on the outer shoots 
of the tree ; soon the characteristic large soft shoots appear as water 
sprouts on large branches in the center of the tree, and these in turn 
develop the characteristic symptoms. In acute stages gumming has 
been found in the roots also, and considerable loss of roots takes place. 

In cases of severe copper deficiency the fruit is marked irregularly 
with reddish-brown excrescences, which are light-colored on young 
fruit but progressively darken until they may be black on mature 
fruit (plate 5, page 358). Young fruits are sometimes bumpy and 
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generally have an unusually light green color and a very smooth 
skin with or without the light reddish-brown excrescences. By June 
some of the fruits will be almost covered with these excrescences and 
drop from the tree. Such fruits as are left usually have juice low 
in acid and very insipid, and the pulp dries out early in the season. 
In such acute cases there are gum pockets in the rind and gum at 
the axes of the segments: splitting of young fruits is common and 
includes both the ordinary longitudinal splitting which starts at 
the stylar end and transverse splitting which starts in an excrescence 
and extends part way around the fruit. 

The symptoms described are typical of oranges. In grapefruit 
the excrescences on the peel are less common, and though gum 
pockets are numerous in the rind, gum is seldom found around the 
seeds. Fruits from copper-deficient grapefruit trees are commonly 
yellower than normal and are frequently lopsided, and as they 
mature brown pits develop in the rind that are similar to storage 
pits but smaller. Acute copper deficiency is uncommon in grape- 
fruit and seldom observed in tangerines. 

Acute deficiency of copper may put trees entirely out of produc- 
tion, while in the intermediate stage there is a reduction in yield 
and also considerable loss due to lowered grade of the fruit. 

Copper deficiency tends to reduce the soluble-solids content and 
also the acid content of orange juice. Since the reduction in acid 
tends to be disproportionate to the reduction in solids the fruit from 
deficient trees tends to have a higher ratio of solids to acid. The 
vitamin C content of the juice is also reduced, more or less in pro- 
portion to the reduction in acid. It is interesting to note that this 
reduction in solids and acid and also vitamin C varies with different 
varieties as it relates to the occurrence of other symptoms. The 
Hamlin variety of orange may show a very high reduction in solids 
and acid with very few of the visible morphological symptoms, 
whereas in other varieties the extent of the symptoms more or less 
parallels the reduction in the soluble constituents of the juice. 

Zinc deficiency is commonly associated with copper deficiency in 
Florida ( see the later section on zinc deficiency) . This results in 
some modification of the growth symptoms owing to the growth- 
restraining characteristics of zinc deficiency. There is also consider- 
able evidence to indicate that copper deficiency restrains absorp- 
tion of zinc by the roots, so that in acute cases of copper deficiency 
symptoms of zinc deficiency almost always develop even though the 
amount of available zinc in the soil is adequate for healthy trees. 
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Copper deficiency frequently occurs on acid sands, associated with 
magnesium deficiency, without the exaggerated growth symptoms 
characteristic of copper deficiency, although very short dead twigs 
occur which are a miniature reproduction of the uncomplicated 
symptoms. While in California it is not uncommon to find copper 
and zinc deficiencies occurring together, copper deficiency is very 
frequently seen without the zinc complication. See figure 6 and 
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Figure 6 . — Copper deficiency: Left, sucker growth showing gum blisters and gum pockets; 
center, young lemon fruit showing gum pockets around central pith, and rough exterior; 
right, mature orange fruit showing gum excrescence on rind and splitting tendency ; mature 
orange showing scabby, reddish-brown, cracked appearance of rind, gum pockets around 

central pith, and semi-gelatinized juice vesicles. 

plates 4 and 5, pages 357, 358, for various pictures of fruit and twig 
symptoms of copper deficiency. 

Cause and Treatment 

Insufficient available copper in the soil is believed to be the pri- 
mary cause of the symptoms described. In past years in Florida 
the symptoms were believed to have been due to too much nitrogen 
(then designated as ammonia in fertilizer mixtures), and this gave 
rise to the term “ammoniation.” On the basis of available informa- 
tion the cause might be termed an unbalanced nitrogen-copper ratio, 
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but the term “copper deficiency” is preferred for the practical rea- 
son that copper applications constitute a specific remedy. The rela- 
tion of copper deficiency to nitrogen utilization is not so evident 
in California as it is in Florida ; recently, however, a number of cases 
have come to the attention of California workers in which the cop- 
per symptoms of gumming and dieback occurred on trees apparently 

excessively supplied with nitrogen. 

Early treatments consisted of withholding nitrogenous fertilizers 
and inserting crystals of copper sulfate under the bark. Treatments 
in Florida now consist of copper sprays or applications of copper 
sulfate to the soil. Both methods are in common use. In California 
sprays appear to be the only satisfactory treatment. Recovery 
is extremely rapid, applications of the proper kind before growth 
starts in the spring resulting in a good setting of normal fruit on 
severely affected trees. 

IRON DEFICIENCY 

Iron deficiency has been recognized in California for many years, 
Lipman and Gordon (50) in 1925 and Thomas and Haas (78) in 
1928 having reported on experiments for its control; and it is still 
a considerable problem under certain soil conditions. It has also 
been of importance on calcareous soils in Arizona, and Finch, Albert 
and Kinnison (28, 29) have reported on experiments to control it in 
the case of both citrus and eucalyptus. In Florida it occurs in an 
acute form in limited areas where the soil is closely underlain by 
limerock. Such soils are alkaline in reaction and subject to severe 
drought conditions, both of which may contribute to iron deficiency. 
Bahrt and Hughes ( 5 ) have reported on responses from ferrous 
sulfate applications to trees on acid sands in Florida but so far com- 
mercial treatments for iron deficiency have been unsatisfactory. 

In Florida, iron deficiency is commonly associated with zinc, man- 
ganese and magnesium deficiencies, and applications of all these 
elements frequently result in material improvement of the trees 

and crop. 

Symptoms 

In iron deficiency citrus leaves are unusually thin with a very fine 
network of green veins on a much lighter background (figures 7, 8 
and plate 6, page 359). In acute cases in Florida the entire leaf 
will be yellowish, often almost orange-colored, this being partic- 
ularly noticeable on leaves of orange trees. Leaves of iron-deficient 
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Figure 7 . — Iron de- 
ficiency on orange 
leaves showing fine, 
green venation on 
young leaves and 
spotted response to 
iron spray on the 
older leaves. 



Courtesy of California Agricultural Experiment Station 


grapefruit trees are small and very fragile when young and show a 
brown impregnation when older. Leaves shed freely, but in many 
cases the lower parts of the tree have a fair amount of good foliage 
while the top may show only sparse foliage and defoliated twigs. 
No particular twig symptoms hav^e been noted, but there is consider- 
able dying of twigs, particularly in the tops of trees, the entire tree 
eventually becoming involved. No particular fruit symptoms have 
been noted, but severely affected trees bear very little fruit. 

In California, the reddish or brownish coloration of leaves is not 
common on any species of citrus which has been observed. The 
disorder is characterized primarily by light-colored foliage, partic- 
ularly on the terminal twigs. The younger leaves are usually light 
green with a network of darker green veins. In more severe cases 
the young and old leaves become very pale, even whitish, the color 
of the smaller veins fading out until only a very pale green midrib 
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remains. At this stage necrotic spots often appear in older leaves 
which tend to drop at the terminals of the branches. New growth 
is sparse, and the trees die back and become reduced in size. Acute 
leaf symptoms are most common on the south side of affected trees. 
In this extreme form of the deficiency the fruit is small, hard, coar.^e, 
light in color and somewhat misshapen, especially in lemons. 



Courtt sy 0} Calijornia Agricultural Exprrimtnt " 

Figure S . — Iron deficiency symptoms on lemon leaves. 

Cause and Treatment 

Iron deficiency is usually associated with too much alkalinity in 
the soil, but there also appears to be a definite relationship to ex- 
treme fluctuations in moisture supply. In California, many orchards 
affected with iron chlorosis have been materially helped or com- 
pletely cured by more careful control of irrigation. Iron chlorosis 
is usually more severe in winter and spring than in summer. There 
is considerable evidence to show that the severity of the sympto^ 
is affected by soil temperature and moisture relationships. IsutTr- 
tional factors other than alkalinity also affect iron chlorosis. HenCe 
no one cause can be universally assigned as the determining factor 
in the appearance of the deficiency symptoms. Correctional treat- 
ments are generally unsatisfactory in both California and Florida, 
although some recent e.xperimental work is promising. Spra>'s pro- 
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duce only a spotted greening of the leaves rather than an overall 
greening (figure 7). The injection under pressure of solutions of 
ferrous sulfate into the trunks of affected orange trees has produced 
good experimental results in California, but the method has not been 
adopted on a commercial scale (75) owing to the transient nature 
of recovery, wood killing, and cost. Applications of iron salts to 
alkaline soils on which citrus trees showed typical iron deficiency 
have failed to give uniformly satisfactory results. 

Fortunately, iron deficiency is not so widespread as some of the 
other deficiencies and presents a less important commercial problem. 
The literature with regard to the effects of iron treatments is com- 
plicated by the fact that in some cases reported response to treat- 
ment has subsequently been found to be due to impurities in the 
iron salt used. 

MAGNESIUM DEFICIENCY 

Magnesium deficiency has been a major problem on practically 
all citrus soils in Florida for many years, and leaf patterns corre- 
sponding to the Florida symptoms have been seen in California 
orchards for many years and have been reported by Chapman and 
Kelley (23) and Haas (42). Magnesium deficiency is also fairly 
widespread in Australia (55) and has been observed in both Argen- 
tina and Brazil. The first report of favorable response to mag- 
nesium applications in the field was by Averna-Sacca in Brazil in 
1912, but this report apparently led to no commercial application. 
Bahrt (3) reported favorable response to magnesium applications 
in Florida in 1934, and further reports of a similar nature were made 
by Tait (76) and by Bryan and DeBusk (7) in 1936. Since then 
magnesium has become an integral part of the fertilization program 
for citrus in Florida and more recent work is summarized by Camp 
( 10 ). 

Reed and Haas (67) in California described symptoms of mag- 
nesium deficiency from sand cultures, and further information was 
supplied by Chapman and Kelley (23) also working with cultures. 

The symptoms described in detail by Camp and Fudge (12) for 
orange and grapefruit trees in Florida, which parallel generally those 
described by Reed and Haas for citrus grown in cultures, will be 
followed in the description of symptoms. 

Symptoms 

Symptoms of magnesium deficiency may occur on leaves at any 
season of the year but commonly develop in the late summer or fall 
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appear as a result of translocation of magnesium from the leaves to 
the developing fruit, although there may also be such translocation 
from older leaves to young developing leaves on the same shoot. 
The mobility of magnesium in the tree differentiates it from iron, 
zinc, manganese and copper. The symptoms due to deficiencies of 
these elements develop coincidentally with the new growth and not 
on older leaves which previously have been normal in appearance. 

Varieties producing seedy fruit are more severely affected than 

varieties producing seedless fruit. In adjoining plots on the same 

treatment seedy grapefruit may be almost defoliated while Marsh 

seedless trees with an even heavier crop of fruit are only slightly 

yellow; a similar phenomenon is common in oranges, seedy varieties 

like the Pineapple being severely affected while Hamlins, which are 

seedless, show only very slight yellowing. The yellowing is also 

related to the extent of fruiting. Heavily fruited limbs develop 

extreme deficiency symptoms and may even become completely 

defoliated while adjoining limbs with little or no fruit show no 

symptoms whatever. Again, this characteristic is most pronounced 

with seedy varieties. It may be aggravated by the tendency of seedy 

varieties to set fruit more unevenly on the tree than do the seedless 

varieties. The relationships of seediness to magnesium nutrition 

have been discussed in some detail by both Bahrt (3) and Fudge 

( 34 ). 

Alternation in bearing is common in seedy varieties growing under 
magnesium-deficient conditions. This is the result of the fact that 
when the trees are bearing a heavy crop, the loss of wood in the 
summer and fall as a result of defoliation reduces the fruit-bearing 
wood for the following year. The tree then goes through a season 
of recovery during which the leaves are green and little or no fruit 
IS produced. The following year the tree may produce a good crop of 
fruit on the twigs of the previous year and again defoliate and die 
back. This alternation is a function of individual trees ; some may be 
bearing fruit and others without fruit in the same year unless the 
cycle is set up by freeze damage or drought. Alternation in condi- 
tion and yield may even pertain to parts of the same tree, certain 
branches bearing in one year and the others in the alternate year. 
1 his mixture of green, healthy-looking trees and yellow trees is very 
striking ; and the occurrence of occasional trees that have one or two 
ranches with yellow leaves and the rest with green leaves, or vice 
versa, aids greatly in the diagnosis of the deficiency. 

Magnesium deficiency results in a great reduction in total crop. 
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when the crop is maturing. The leaves on which the symptoms ap- 
pear are usually mature and were normal in color up to that time. 
Irregular yellow blotches start along the midribs of the leaves that 
are close to fruit and eventually coalesce to form an irregular yellow 
bank on each side of the midrib (plate 8, page 360). This area en- 
larges until only the tip and the base of the leaf are green, with the 


Figure 9. — Grape- 
fruit trees acutely 
deficient in mag- 
nesium showing ex- 
treme defoliation in 
the fall of the year, 
with fruit left un- 
protected because of 
lack of foliage. 


base showing a more or less inverted V-shaped area pointed on the 
midrib. This fading from green to yellow does not follow a fixed 
pattern, apparently being influenced by other nutritional factors 
and light, and possibly other factors, but in acute deficiencies the 
leaves eventually become entirely yellow. As soon as any consider- 
able portion of the leaf has become yellow it may shed if conditions 
become unfavorable as a result of cold weather, toxic sprays or other 
shocks to the tree (figure 9), but if conditions continue favorable the 
yellowed leaf may remain on the tree for a long time. The defoliate 
twigs are weak and subject to fungus infection and usually 
the following spring, necessitating a heavy pruning of trees that 

have borne a heavy crop. 

Fudge (34) has shown that magnesium-deficiency sympto 
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though on occasional years there may be very large crops which are 
usually followed by complete crop failures. In the years when 
there is a crop of commercial size, there is also a reduction in the size 
of individual fruits and the fruit is weak and likely to give trouble 
in transit. Sites (,71) and others have also shown that the fruit 
from magnesium-deficient trees is low in soluble solids and total acid 
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Courtesy of Florida Agricultural Experiment Station 

figure 10. This picture shows the effects of freeze in Florida on the trees in the foreground 

which were supplied with nitrogen, phosphorus and potash, but were wMc^^were 

manganese, copper and zinc. In the background are normal, undamaged trees which 

«;iinnlipd with the deficient elements. 


and also in vitamin C. In oranges there is a very marked paleness 
of color of both pulp and peel. Magnesium appears to have more 
influence on the development of a rich orange color in the peel an 

the pulp than any other element. 

Magnesium deficiency like other deficiencies makes trees more 

susceptible to cold injury than normal trees (49). This app les 

primarily to trees bearing a crop at the time of the freeze since on 

the off-year the trees may not be actually in a deficient condition. 

This susceptibility to cold damage applies to both tree and frui^ 

although it has not been determined whether the damage to tn 
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fruit is due to an actual susceptibility or whether it is due to the fact 
that as a result of defoliation the fruits are exposed to the sky and 
consequently are colder because of radiation losses than protected 
fruit. This difference in cold resistance is not an academic matter 
but something of great moment to growers ; on numerous occasions 
magnesium-deficient trees have been observed to lose all leaves, 
twigs and fruit while adjoining trees on the same fertility program 
plus magnesium lost only a few leaves (figure 10). 

Cause and Treatment 

Magnesium deficiency in citrus in Florida is caused primarily 
by the low level of magnesium in the soil. The deficiency is par- 
ticularly acute on the light sandy soils from which magnesium 
readily leaches. This leaching of added magnesium is particularly 
rapid as the acidity increases (low pH). Formerly most of the 
citrus soils of this type had a pH of 4.5 to 5.0, and generally the 
fertilizer used was both physiologically acid and practically devoid 
of magnesium. The present program on such soils includes the use 
of dolomite to bring the pH up somewhere in the range of 5.5 to 6.0, 
which at the same time also furnishes some magnesium. Soluble 
magnesium, usually as the sulfate, is also applied to furnish quickly 
available magnesium. Occasionally, magnesium oxide is used as a 
pH corrective and to furnish magnesium but has not been entirely 
satisfactory. On soils with a pH higher than 5.5, soluble magnesium 
only is recommended and sometimes must be used in large amounts 
on calcareous soils. The program as used is given by Camp (10), 
with historical and technical explanations. 

Some adjustment of magnesium fertilizer practices must be made 
to compensate for the level of potassium available to the trees. 
Fudge (35) has shown that the usual antagonism of potassium and 
calcium to magnesium exists in the field in a pronounced way. This 
has complicated most of the interpretation of experimental results. 
In practice, it means that levels for magnesium fertilization can be 
determined only in relation to potassium levels. At high levels 
of potassium availability, magnesium must be increased. The same 
situation holds with reference to calcium, and to get results the 
amounts of magnesium applied on calcareous soils must be greater 
than those applied on soils which are low in calcium. 

In Florida, sprays have not proven effective in correcting mag- 
nesium deficiency — probably because the amount of magnesium 
needed is greater than that which can be absorbed by the leaves. 
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In California, magnesium sulfate has been tried by various work- 
ers on citrus trees showing the typical magnesium-deficiency patterns 
on individual leaves or twigs. In nearly all of the cases known to 
the authors no response has been noted. The common condition 
in Florida, in which the symptoms involve branches or whole trees 
which alternate their crops, has not been noted in California. The 
leaf symptoms referred to frequently occur on trees which are de- 
ficient in nitrogen, and in some instances these symptoms have per- 
sisted after very heavy applications of magnesium salts (Parker, 
unpublished). In other instances, they have been cleared up by the 
application of nitrogenous fertilizers or the elimination of deep 
cultivation. Recently, however, Haas (42) stated that magnesium 
sulfate applied just prior to an irrigation brought about a tem- 
porary response in citrus trees growing on a sandy soil near Tustin. 
A second case of response, where a combination of magnesium 
sulfate and urea was applied, has been reported by the same 
worker but in this instance magnesium sulfate alone gave no re- 
sponse. Inasmuch as California citrus soils are in general much 
better supplied with this element than Florida soils, and since 
irrigation waters also contain more or less dissolved magnesium, 
it appears that these symptoms under California conditions may 
be due in whole or in part to unbalanced conditions in the soil or 
the plant. In the light of the Florida experience, it also seems 
probable that excessive potassium aggravates this trouble. It is 
reasonable to believe that this factor, and possibly excess phos- 
phorus, may be involved inasmuch as soil studies in California 
citrus orchards (15, 16) have revealed marked accumulations of 
both of these elements in the older citrus orchards. These accu- 
mulations are the result of the past use of manures and fertilizers 
containing these elements. Under California conditions nitrogen 
relations are sometimes a factor in the expression of the leaf symp- 
toms described above. 

MANG.^NESE DEFICIENCY 

Manganese deficiency occurs commonly in Florida, responses to 
manganese applications having first been reported by Skinner and 
Bahrt (73) and by Skinner, Bahrt and Hughes (74). They were 
working with a complex of deficiencies, and it was not until IVoS 
that Camp and Peech (13) described the symptoms of manganese 
deficiency^ from the field and differentiated them from the other 
common deficiencies in Florida. More recently this deficiency has 
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been reported from California by Parker, Southwick and Chapman 
(64). It is now known to occur in many other citrus areas of the 
world. Delay in recognition of manganese-deficiency symptoms 
was due to their similarity to zinc-deficiency symptoms and to the 
fact that the symptoms of zinc deficiency override and mask them. 
Severe symptoms of iron deficiency also obscure the typical symp- 
toms of manganese deficiency (62). The symptoms of manganese 
deficiency were described by Haas (37) from culture studies in 
California, but his descriptions do not correspond exactly with those 
given here, which are compiled from work done in the field in Florida 
and California. No common name is applied specifically to man- 
ganese deficiency, but in Florida a combination of zinc- and man- 
ganese-deficiency symptoms is known as “marl chlorosis” and acute 
symptoms on older leaves are sometimes classified as “bronzing,” 
while in New Zealand, Taylor and Burns (77) refer to it as “mottle- 
leaf,” a term commonly used for zinc-deficiency symptoms in most 
areas. 


Symptoms 

Young leaves show a fine network of green veins on a lighter 
green background, but the pattern is not so distinct as in zinc or iron 
deficiencies and the leaf is greener. As the leaf matures the pattern 
resolves itself, in the milder forms of manganese deficiency, into dark 
green, irregular bands along the midrib and main lateral veins with 
lighter green-colored areas between the veins (plate 9, page 361). 
With increasing severity several gradations in color occur (figure 
11). Similar gradations for lemons are shown in plate 3, page 356, 
and figure 12. These range from light green to dull pale green 
splotches between the main lateral veins. Although the pattern 
approaches that of zinc deficiency it never develops the extreme 
contrast which characterizes the latter. If the deficiency is still 
more severe, the leaf assumes a dull -green or yellowish-green color 
along the midrib and main lateral veins, and the bands of these 
colors become more narrow while at the same time the interveinal 
areas become still more pale and dull. In extreme cases, in Cali- 
fornia, the interveinal leaf areas of oranges, lemons and grapefruit 
develop many whitish opaque spots which give the leaf a whitish 
or gray appearance. This whitish spotting has not been observed 
in Florida. Parker, Southwick and Chapman (64) have also ob- 
served that in California the leaf symptoms are generally most 
severe in the shaded portions of the trees. The leaves are not 
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Figure 11. — Man- 
pancse - deficiency 
symptoms on V^alen- 
cia orange leaves. 
Top, mild deficiency, 
showing the lighter 
green color between 
the primary veins. 
One leaf has recov- 
ered its normal color 
as a result of paint- 
ing with a dilute 
solution of a man- 
ganese salt. Bot- 
tom, severe dcti- 
ciency s>'mptoms. 
The voung terminal 
leaves are light green 
in color with slightly 
darker midrib and 
lateral veins. In 
leaves of intermedi- 
ate age the pale in- 
terveinal spaces em- 
brace a larger area 
and the colors are 
dull. Older leaves 
at the base of the 
twig are e.xtremely 
dull and light in 
color in areas be- 
tween the veins, and 
many whitish spots 
have appeared. 


noticeably reduced in size or changed in form by manganese de- 
ficiency. Severely affected leaves acquire prematurely a senescent 
(aged) appearance and fall from the tree (63). Some limbs fre- 
quently lose more foliage than others with the result that the trees 
are unevenly foliated. When trees are only slightly affected the 
young leaves show a mild pattern which disappears after the flush 
of growth is completed. This is true in both Florida and California. 
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Parker, Chapman and Southwick (62) noted that, in the latter 
State, manganese deficiency appeared to be associated with a form 
of decline of lemon trees. However, treatment with manganese 
has not yet prevented the decline. 

Symptoms of manganese deficiency similar to those which have 


Figure 12. — Moder- 
ately severe symp- 
toms of manganese 
deficiency on leaves 
of the Eureka lemon. 
(The color contrasts 
are generally greater 
in individual 
younger leaves and 
in mature leaves of 
lemons than in such 
leaves of oranges.) 
In old leaves the 
contrasts may be less 
marked in lemons. 
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been described have also been developed in culture experiments by 
Chapman, Liebig and Parker (24). They noted the brown specks, 
distributed over the leaf, which had been described by Haas (37). 
A stippling of lighter colored spots in the light-green areas between 
the veins was also observed. However, these symptoms have not 

been consistently found in the field. 

No particular twig symptoms have been reported, but in acute 
cases there is considerable loss of small wood. In Florida this is 
more noticeable in tangerines and Temple oranges than in other 
varieties. Dying of twigs is more noticeable in trees affected with 
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combinations of zinc and manganese deficiencies than in trees de- 
ficient only in manganese. 

No striking fruit symptoms have been noted such as those char- 
acteristic of zinc and copper deficiencies. Skinner and Bahrt (73), 
Skinner, Bahrt and Hughes (74), and Bahrt and Hughes (4) have 
reported an intensification in skin color and juice color as well as 
increased firmness following applications of manganese to deficient 
trees, and Roy (69) has reported an increase in sugar in the juice. 
Later work in Florida shows the effect of manganese deficiency on 
fruit color to be much less pronounced than that of magnesium 
deficiency. In California the same effects of manganese deficiency 
have not been observed even in fruit from orchards which were very 
deficient in manganese, and the addition of this element resulted in 
no improvement of commercial grade or increase in size of the fruit 
(Parker, unpublished) . The yields of citrus trees are apparently not 
reduced by mild forms of manganese deficiency in which the leaf 
symptoms appear and disappear from month to month. Reduction 
in yield does occur, however, when the leaves are more seriously 
affected and particularly when the foliage of the trees is reduced. 
Yield responses appear to depend upon increasing of the effective 
leaf area of the trees, as is the case in many other deficiencies. 

Cause and Treatment 

In Florida, manganese deficiency occurs on both acid and alkaline 
soils; it is probably due to leaching in the acid soils and to insolu- 
bility in the alkaline soils. On very acid sands it is commonly as- 
sociated with deficiencies of zinc, copper and magnesium, as evi- 
denced by both tree response and soil analysis. The most severe 
cases in California, however, have not necessarily been associated 
with marked zinc deficiency (63). Soil factors are not discussed 
in New Zealand reports. The artificial acidification of the naturally 
neutral or alkaline soils of California has been observed by Parker 
(unpublished) to decrease the severity of the deficiency symptoms, 
and culture studies by Chapman. Liebig and Parker (24) showed 
that manganese deficiency occurred in a neutral or alkaline medium 
(pH Maintained at 7.0 or above > even though manganese was 
regularly supplied. Treatment by sprays of manganese sulfate neu- 
tralized with lime or lime-sulfur are used in Florida for deficien 
trees on alkaline soils, but on acid soils manpnese sulfate is in- 
cluded in the fertilizer. Preliminary reports indicating corrective 
effects of sprays are also available from New Zealand. In Can- 
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fornia, the treatment is by spraying. A single spray quickly clears 
up the pattern on younger leaves. Older leaves respond less rapidly 
and less completely. Several treatments may be needed before 
yield responses occur. Lemon leaves develop a toxicity pattern 
if sprayed too frequently or with sprays of too great concentration 
(63), but this effect has not been observed on other species of citrus. 

NITROGEN DEFICIENCY^ 

Identification of nitrogen-deficiency symptoms is somewhat in- 
volved because a peculiar type of leaf pattern, in which the tissue 
along the midrib and the larger veins is distinctly lighter in color 
than the remainder of the leaf, has been classified by Haas (in 
Fawcett (27)) as a symptom of nitrogen deficiency. His descrip- 
tions, however, would fit fairly well the pattern associated in the 
field primarily with girdling of the twig, limb or tree in such a way 
as to destroy or severely injure the food-conducting tissues without 
destroying the water-conducting tissues. When such girdling occurs 
the leaves become yellow along the midrib and larger veins, the 
remainder of the leaf usually remaining a dark dull-green color 
for a time and then fading slowly to yellow (plate 7, page 359). 
Tissues along the midrib and veins may become extremely light 
in color, giving rise to the terms ‘inverted trenching and vein 
chlorosis.” The pattern can be produced artificially by girdling a 
twig or branch, but it is associated in the field in Florida with root 
rot and gum diseases due to species of Diplodici and Phomopsis y 
which destroy the bark or roots, and with lightning injury which 
has girdled the tree; in California rodent injury and injury due to 
a fluctuating water table are likewise common causes. The affected 
portion of the tree can be healed only by supplying the missing con- 
ducting tissue, as by bridge grafting or inarching. 

Though leaves affected as described are likely to have an abnormal 
chemical composition and to show deficiencies of a number of ele- 
ments, particularly magnesium, this pattern can hardly be considered 
a deficiency in the sense in which the term is here used. Applica- 
tions of specific elements are not indicated for correction but rather 
for the supplying of a new conducting tissue where this is easily 
possible. A very similar pattern appears on older leaves in some 
groves following a heavy flush of new growth. The leaves become 

more deeply colored, however, and then shed. 

Deficiency symptoms that respond to applications of nitrogen 

are almost too well known to need description, but since they may 
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be confused in some instances attention is called to some of the 
outstanding characteristics involved. Nitrogen-deficiency symp- 
toms fall into two classes — symptoms on the trees that are continu- 
ously starved for nitrogen and symptoms brought on by a sharp de- 
cline in nitrogen supply. The second type of deficiency is not 
extremely common in Florida but does occur occasionally in an acute 
form when the nitrogen supply falls during the period of maximum 
fruit development. The following descriptions apply strictly to 
what may be accurately termed nitrogen-deficiency symptoms. 

Symptoms 

If nitrogen is deficient when growth begins, the young leaves 
are undersized, thin and fragile and develop a very light-green 
color (plate 10, page 362) which may ultimately become yellow if 
any fruit is produced. Shedding of leaves is heavy on such trees, and 
consequently the foliage is sparse. This type of symptom is common 
in unfertilized trees. The second type of pattern may develop when 
the trees have sufficient nitrogen during the spring, put on a heavy 
normal growth and bear a normal crop, and then become acutely 
deficient in nitrogen during the summer and fall when the fruit 
is maturing and there is a heavy drain on the trees. Under such 
conditions some of the green leaves slowly bleach to a mottled, 
irregular, green and yellow pattern and may ultimately become 
entirely yellow and shed. This pattern slightly resembles the symp- 
toms of magnesium deficiency. The condition has been observed 
frequently in ridge groves that are not sufficiently fertilized in 
summer to take care of the crop of fruit. Trees growing on ridged 
soils are limited in root space, and this condition is further accentu- 
ated by the waterlogging of part of the ridge during the rainy sea- 
son. Deep cultivation sometimes appears to cause the same effect 

in California. 

Though no specific twig or growth symptoms have been identi- 
fied, trees that are constantly short of nitrogen are stunted and un- 
symmetrical in shape and the growth is very short and irregular. 
The lack of foliage results in an open appearance. Considerable 
twig dieback occurs and the tree looks brushy (figure 13). Such 
trees seldom die but they remain in a permanently stunted condition 
unless nitrogen is supplied in adequate amounts. Orange and grape- 
fruit trees deficient in nitrogen frequently produce fruit of a good 
quality as far as texture and flavor are concerned, but the crop is 
very small and the fruit is at times somewhat pale in color, the rind 
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is smooth, and fruit size is decreased. In CalifoiiU ,, 
growing under conditions of deficient nitrogen show less cluuige m 
color of leaves than do orange trees. There is, however, a great 
decrease in vigor and the trees mature their fruit prematurely be- 
fore it reaches picking size. Jones, Van Horn and Finch (48) have 
reported on the effects of nitrogen levels on fruit quality under 
Arizona conditions but they have not specifically described de- 
ficiency symptoms. 



Courtesy of California Agricultural Experiment Station 


Figure 13 . — Nitrogen-deficient Washington Navel orange tree (left) and comparable tree 
(right) which was supplied with nitrogen in the form of urea. Winter cover crops \yere 
grown in each case. In contrast with the fertilized tree, the deficient tree had spaise foliage 
of light green color, while some leav'^es were distinctly yellow. The new growth was very 

limited, and crop production had dropped to a very low level. 


The ability to distinguish between true nitrogen deficiency and 
deficiency of other elements is important. This is particularly true 
in the case of magnesium deficiency. It must always be remem- 
bered that yellow leaves are not necessarily, or in fact commonly 
in Florida, an indication of nitrogen deficiency. 

Cause and Treatment 

While the cause of the first type of nitrogen deficiency is simply 
a lack of nitrogen in the soil, there is some evidence that the second 
niay be produced in regions of heavy summer rainfall and very 
porous soil by a failure either to time the summer applications 
properly or to judge accurately the amount of nitrogen necessary 
to mature the crop. There is some indication that improper nitri- 
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fication due to waterlogging of the soil during the summer rainy 
season may result in a temporary deficiency of nitrogen which is 
relieved by dry weather. 

In California temporary nitrogen starvation is sometimes the 
result of excessive applications of organic matter or excessive com- 
petition by cover crops. Parker and Batchelor (61) reported that 
such competition resulted in decreased crops when it occurred at 
critical seasons, but the leaf symptoms may exist only temporarily. 
Nitrogen starvation may occur also as a result of excessive leaching 
due to heavy applications of irrigation water. In pot cultures using 
soil, the second type of symptoms has been produced by overdoses 
of phosphate, and there are indications from other work and obser- 
vations that high phosphate levels in the soil may increase the nitro- 
gen requirement. 

- ^ 

In ordinary cases of nitrogen deficiency the obvious treatment is 

to supply nitrogen in the required amounts. In the case of acute 
deficiency due to fruit production, consideration should be given 
to the form of nitrogen and method of application, particularly in 
relation to irrigation, where it is used. The use of nitrates usually 
would be indicated, owing to their immediate availability. The 
subject of nitrogen fertilization is too complex, however, for 
complete discussion here. 

PHOSPHORUS DEFICIENCY 

Early work on phosphorus was done in cultures, and symptoms 
of the deficiency on cuttings have been produced in sand and solution 
cultures by Haas (38) of California. Chapman and Brown (18) 
have described phosphorus-deficiency symptoms on citrus trees 
grown in 55-gallon drums in a calcareous soil of low phosphate 
availability. Neller and Forsee (54), and Forsee and Neller (30), 
have described the symptoms from the field in Florida. This work 
was done on a muck soil almost devoid of phosphorus and on trees 
that were kept free of other deficiencies. Only those symptorns 
which were corrected when phosphates were supplied are used in 

this discussion. 

Symptoms 

Young citrus trees deprived of phosphorus in cultures showed a 
reduced growth rate (figure 14), with the older leaves losing their 
deep green color and luster and becoming faded green to bronze. 
Some of these leaves later developed necrotic areas (figure 15) 
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Courtesy of Calijornia Agricultural Experiment Station 


Figure 14. — Phosphorus-deficient navel-orange tree (left) in comparison with tree of com- 
parable age receiving phosphate (right). Note the restricted growth and fruiting on the 

phosphorus-deficient tree. These symptoms were produced in cultures. 



Courtesy of California Agricultural Experiment Station 

Pigure 15. — Navel-orange leaves from phosphorus-deficient trees showing burned areas. This 

symptom does not occur on all leaves. 
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which had no definite pattern or position on the leaf. However, 
this burning was neither a general nor a consistent symptom; it was 
most prominent in the spring following bloom and a new cycle of 
growth. The affected leaves shed somewhat prematurely but the 
young growth continued, probably utilizing phosphorus translocated 
from older leaves, since the latter showed a reduced content and the 
young tissues a nearly normal content of both total and inorganic 
phosphorus. Young trees showed a sparse foliage owing to the re- 
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Figure 16 . — Lue Gim Gong oranges from trees deficient in phosphorus on the left and fruit 

from phosphorus-treated trees on the right in each picture. 


stricted growth and shedding of leaves. Some twigs died back but 
this condition was not pronounced. There was a very limited flower 
development and no fruit was produced. 

In the field in Florida phosphate-deficient trees were somewhat 
smaller with less vegetative growth. The leaves were narrower and 
smaller than normal and no burned areas on the leaves were noted. 
The fruit from deficient trees showed more pronounced symptoms 
than the trees, being coarse in texture with a thick, coarse skin 
(figure 16), and developed a premature softness. There was a 
heavy pre-harvest drop with up to two-thirds of the fruit dropping 
before normal harvesting time, and much of the remainder of the 
fruit was graded out because of softness, roughness or poor shape. 
The fruit from deficient trees was sour owing to high acidity in pro- 
portion to total soluble solids. These differences were consistent over 
several years and several samplings each year. The effect of phos- 
phorus deficiency on the coarseness and acidity of the fruit has been 
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Cause and Treatment 


The cause of phosphorus deficiency is either a lack of phosphorus 
in the soil or a lack of available phosphorus. In the latter connection 
it should be noted that citrus appears to be able to obtain phosphorus 
more readily than many other plants, and conventional methods of 
determining available phosphorus are not tenable for citrus. Citrus 
grows freely in Brazil on soils which are so low in phosphorus that 
corn, cotton and many other crops will not grow properly without 
phosphate fertilization. 

Corrective treatment is the use of phosphatic fertilizers, though 
difficulty is sometimes experienced in soils of high phosphorus-fix- 
ing power and where the rooting system of the tree is deep. Under 
such conditions it is sometimes necessary to induce a superficial 
root system hy mulching. 


POTASSIUM DEFICIENCY 

The literature on the effects of potassium deficiency is somewhat 
bewildering and contradictory. This is brought about to a large 
extent by the fact that in many experiments the only problem that 
was being studied was the effect of potassium applications on a 
particular soil, without knowledge as to whether the trees involved 
were actually deficient or not, and also by the fact that in many 
experiments the existence of other deficiencies interfered with the 
interpretation of results. In the latter case the situation is compli- 
cated by the interaction of potassium, magnesium and calcium in 
the plant. In some of the early work in Florida increased mag- 
nesium deficiency was brought on by excessive potassium applica- 
tions. In the case of publications describing fertilizer tests contrary 
reports largely arise from the fact that in some cases potassium 
was deficient and in others it was not deficient. A considerable 
body of knowledge has now accumulated from controlled culture 
studies, while the field knowledge is still somewhat fragmentary. 
Reed and Haas (65) in California and later Haas (40, 43) reported 
on symptoms produced on trees in culture. Chapman et al. of Cali- 
fornia, have carried out further extensive culture work (19, 20, 21, 
22) under a wide range of cultural conditions, showing that although 
the symptoms vary somewhat with the variety, they are basically 
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constant throughout. This work included studies with 10-year- 
old navel and Valencia trees growing out of doors in large-sized 
solution cultures, and has provided a clear picture of growth foliage 
and fruit conditions associated with various stages of potassium 
deficiency. Eckstein, Bruno and Turrentine (26) reported leaf and 
fruit symptoms, but the conditions under which they were developed 
are not clear. In recent years there have been a number of reports 
on the effects of potassium applications in the field that indicated 
that the workers were actually dealing with deficient trees. These 
include Benton and Stokes (6), Bahrt (3), Anderssen (2), Allwright 
(1) and Roy (70). Sites (71, 72) has reported on the fruit symp- 
toms of potassium deficiency as developed in the field in Florida. 
The last-mentioned work is of particular interest because all other 
deficiencies had been carefully eliminated in order that the study 
might be limited to potassium deficiency. The widespread use of 
potassium fertilizers and of organic materials such as manure, hay 
and straw on citrus has possibly prevented the common development 
of the symptoms even on light sandy soils. 

Symptoms 

The foliage and growth symptoms reported from solution, sand 
and soil cultures under controlled conditions involve first a slowing 
down of growth accompanied by an excessive shedding of leaves 
at blossom time. The new shoots are weak and often poorly- 
attached to the twigs and the leaves are small. As the deficiency 
becomes more acute there is malformation of leaves and a fading of 
chlorophyll. The development of resinous impregnations has been 
reported, particularly with lemons and to some extent with other 
types of citrus, but these symptoms have not been observed under 
all conditions. Finally, in very acute deficiency there is a dying of 

twigs and a generally reduced size of the plant. 

Symptoms as found in the field have not entirely paralleled the 
symptoms found in cultures but agree in general. In Florida care- 
fully controlled field experiments in which all other deficiencies 
have been eliminated have given evidence of symptoms of insuffi- 
cient potassium which are believed to be specific and not mixed 
with symptoms of other deficiencies. There was a slowing down 
in growth, particularly in the tops of old trees which had been sub- 
jected to a gradually increasing deficiency. The growth in these 
trees was weak and with a tendency for the young shoots to shed 
before they hardened. The leaves were small but gum lesions or 
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Figure 1 7 . — Orange 
tree growing in wa- 
ter culture exhibiting 
acute potassium-de- 
ficiency symptoms. 
Note dieback, defoli- 
ation, malformation 
of leaves and gen- 
eral chlorotic condi- 
tion. 



Courtesy of California Agricultural E.xperimetit Station 


specific patterns have not been observed even though the trees 
have a very acute deficiency. The resinous lesions in the leaves 
reported by Bahrt have not been seen in recent experiments in 
Florida, but Haas (43, 44) reported such lesions in California, 
particularly in lemon groves, and showed a correlation with the 
potassium analysis of the leaves. Other workers have not corrobo- 
rated these observations, however, and no records are available of 
correcting these symptoms by adding potassium fertilizers. 
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Other field symptoms which have been consistently observed in 
Florida are an increased susceptibility to cold and drought. Similar 
correlations are not reported for other areas. 

Fruit symptoms of potassium deficiency, on which there is now 
general agreement by practically all workers, include a reduction in 
size of fruit and a very thin peel of smooth texture. There is also 
general agreement that a deficiency results in a tendency to pre- 
mature shedding of fruit and a decrease in total acidity of the fruit 
and a consequent increase in the solids/acid ratio. Chapman et al. 
( 22 ) showed that the fruit of potassium-deficient navel and Valencia 
trees had somewhat less acid, but that the total of solids was not 
affected. Sites (72) has shown in potassium-deficient grapefruit a 
definite reduction of soluble solids, total acid, and vitamin C in the 
juice. There have been a number of contradictory reports on the 
effect of potassium deficiency on the soluble solids and vitamin C 
content of the juice. These can perhaps be explained by the fact 
that some of the experiments were run under low levels of mag- 
nesium and as potassium was increased there developed a mag- 
nesium deficiency which reduced the solids content of the juice and 
thus leveled off the figures. Sites duplicated this condition in 
Florida experiments without going so far as to produce magnesium 
deficiency symptoms and found that solids could be reduced by an 
incipient magnesium deficiency which might go unnoticed. Illus- 
trations depicting various tree, foliage and fruit symptoms of potas- 
sium deficiency as produced under controlled culture conditions 
on 10-year-old bearing orange trees growing out of doors (22) are 
shown in figures 17 and 18, and color pictures showing fruit char- 
acteristics associated with various levels of potassium under con- 
trolled conditions are shown in plate 11, page 363. 

Cause and Treatment 

In Florida proven evidence of potassium deficiency is available, 
the condition having been brought about in experiments in which 
only potassium is deficient. Correction has been achieved by the 
broadcast application of potassium chloride to the soil. No clear- 
cut evidence of responses to potassium fertilizer has as yet been defin- 
itely demonstrated in California. However, a large body of data 
has accumulated to show that broadcast applications of potassium 
fertilizers to most of the soils on which citrus is grown have resulted 
in increased absorption by the tree. For example, in the University 
of California Citrus Experiment Station plots, yearly broadcast 
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applications of one pound of potash in the form of potassium sul- 
fate per tree have resulted in increased uptake of potassium by the 
tree, and is reflected in both the leaves and the fruit (unpublished 
data, Chapman, Jones, Parker and others). Heavier rates of appli- 
cation of potassium salts have resulted in greater increases in potas- 
sium content of the trees. Applications of manure to the soils have 
also resulted in increases of potassium in the soil and trees. Since 



Courtesy of California Agricultural Experiment Station 

Figure 18 . — This picture shows fruit from potassium-deficient tree (left) compared with 
fruit of similar age from tree receiving ample potassium. Note reduced size and smooth 
rind of fruit lacking potassium ; also reduced leaf size and malformation. 

no definite growth or yield responses have been observed, the in- 
creased absorption of potassium by trees fertilized with potash ferti- 
lizers and manures may represent “luxury” consumption. 

SULFUR DEFICIENCY 

Sulfur deficiency has not been identified in the field, but a brief 
description of leaf symptoms on Valencia orange cuttings grown in 
sand cultures lacking sulfate has been given by Haas (39). Further 
information derived from both sand and soil cultures with young 
bearing orange trees and lemon, grapefruit and sweet-orange seed- 
lings has been obtained by Chapman and Brown (17). The follow- 
ing brief description is from the latter work. 
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Courtesy of California Agricultural Experiment Station 


Figure 19. — Effects 
of acute sulfur de- 
ficiency on oranges; 
shows weak, mul- 
tiple and highly 
chlorotic shoots. 


Symptoms 

The leaf symptoms in general consisted of a chlorosis quite simi- 
lar to that produced by nitrogen deficiency. Sulfur deficiency, how- 
ever, was characterized at its onset by a much yellower new growth, 
the older leaves remaining green (plate 12, page 364). Tnis 
contrast in coloration was marked and gave the trees a striking 
appearance. No abnormal twig characteristics developed, but some 
dying back occurred as the deficiency progressed (figure 19). The 
immature fruit from sulfur-deficient trees was a lighter green than 
normal fruit and the mature fruit was a lighter orange. Some ot 
the fruits were dwarfed and misshapen and others had an abnorma > 
thick peel. The interior of the fruit was pulpy and juiceless, wit 
some of the juice sacs gelatinized as in granulation. 



SYMPTOMS OF CITRUS MALNUTRITION 


343 


ZINC DEFICIENCY 

Zinc deficiency is probably more widespread in citrus than any 
other except that of nitrogen, and its characteristic symptoms have 
been reported from practically every citrus-growing area. In Cali- 
fornia, investigations leading to the use of zinc as a corrective started 
about 1930, being conducted by Chandler, Hoagland and Hibbard 
( 14) on little-leaf of deciduous trees and by Johnston (47) and by 
Parker (56, 57, 58, 60) on mottle-leaf of citrus. In Florida, the use 
of zinc on citrus trees was an outgrowth of work by Mowry and 
Camp (53) and by Camp (8) on zinc deficiency of tung trees and 
Satsuma oranges. As a result of work by Johnston in central Cali- 
fornia and by Parker and others in southern California, and by 
Camp, Reuther and Bahrt in Florida, zinc was in widespread com- 
mercial use in both States by 1934. Similarly favorable results have 
been reported from most of the other citrus-growing areas. The 
characteristic deficiency symptoms were produced and corrected in 
cultures by Chapman, Vanselow and Liebig (25). In Florida the 
symptoms are termed “trenching” and in California and many other 
areas “mottle-leaf.” 

Symptoms 

The symptoms on mature leaves are striking. There are irregu- 
lar green bands along the midrib and lateral veins, and the remaining 
tissue is light green, greenish yellow, or even a very pale yellow. 
The relative amounts of green and yellow tissue vary; in some 
leaves only the basal portion of the midrib is green, while others 
may show only splotches of yellow or pale green between the lateral 
veins. 

Narrow leaves on twigs with short internodes are characteristic; 
in acute cases the leaves are very small with a tendency to stand erect 
(figures 20, 21, 22 and plate 13, page 365). Where the condition 
is mild the characteristic leaf pattern often starts on young leaves as 
a network of green veins on a light-green background. As the leaf 
matures the green veinal areas tend to broaden and deepen in color 
and the interveinal areas to become lighter ( figure 22). Lemon 
leaves are not so distinctly mottled but are dull green in color, and 
they frequently have wavy margins. Mature green leaves have 
only occasionally been observed to develop the characteristic pat- 
tern. After treatment with a zinc spray, affected leaves become 
green, although they do not increase in size. The new leaves, how- 
ever, are normal in both size and color (68) (figure 23). 
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Courtesy oj Calijontia Agricultural Experiment Station 


Figure 20 . — Valencia 
orange tree severely 
affected with zinc 
deficiency, showing 
d i e b a c k , small 
leaves and very 
small crop. 


When zinc deficiency is mild only a few terminal twigs may show 
the characteristic symptoms. In California these twigs are usually 
on the south side of the tree, but this has not been observed in 
Florida. When the deficiency is more acute, growth is usually 
slow, the entire outside of the tree bearing very fine, short twigs 
carrying the narrow, small leaves that have a tendency to stand up- 
right (figure 24 ). These growth characteristics give the tree an 
upright, bushy appearance, and as time goes on the twigs die back 
over the outside of the tree, considerably reducing its size. As the 
outside of the tree dies back, water sprouts bearing nearly normal 
or slightly affected foliage develop on the main branches and trunk 
in the shaded portions of the trees. Thus, leaves showing great 
variation in intensity of symptoms are present on the tree at the same 
time. The very small twigs produce growth of normal appearance 
after zinc treatment, provided no other deficiencies are present. 
The increase in crop resulting from treatment is very marked 

. . . . K 

The fruits borne on the affected twigs vary in quality and numoer 
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Figure 21 . — Valencia 
orange tree, show- 
ing response to 
treatment with 
sprays containing 
zinc. The condition 
of this tree was 
comparable to that 
of the tree shown in 
Figure 20 two years 
before this photo- 
graph was taken. 



Courtesy of California Agricultural Experiment Station 


in proportion to the severity of the zinc-deficiency symptoms ex- 
hibited by the respective twigs. Severely affected orange and 
grapefruit twigs in California are reported by Parker (59) as bearing 
small thick-skinned fruits (figure 25) whereas fruits from such 
twigs in Florida commonly have an unusually smooth light-colored, 
thin skin, but in both States the pulp is woody, dry and insipid. 
Parker also reports firm gum pockets occurring in the albedo of 
such fruits, but this has not been observed in Florida unless other 
deficiencies are present. Fruit on severely affected twigs of lemons 
m California is thin-skinned, juicy, elongated and pointed (figure 
26). In lemons, acute zinc deficiency results in very small fruits 
of no commercial value. 

The symptoms of zinc deficiency are so severe that they may 
mask or alter very markedly the symptoms of other deficiencies or 
disorders, and they often need to be corrected before an attempt 
IS made to determine deficiencies of other elements. 

Oranges exhibit the symptoms of zinc deficiency more often than 
do grapefruit or tangerines, although all types of citrus may be 
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Courtesy of California Agricultural Experiment Station 


Figure 22. — Zinc-de- 
ficiency pattern on 
orange leaves. 



Courtesy of Florida Agricultural Experiment Station 

Figure. 23. Acute zinc-deficiency symptoms on Pineapple orange (left), showing veiy 

smooth fruit and pointed leaves with striking contrasts in the leaf pattern, and (right) irui 
and foliage from a similar tree one year after treatment showing immediate resumption oi 

normal growth. 
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Courtesy of California Agricultural Experiment Station 

Figure 24 . — Acute symptoms of zinc deficiency in orange twigs showing small leaves, chlorosis 

and dying back 



Courtesy of California .Agricultural Experiment Station 

Figure 25 . — Grapefruit showing, on the left, the effects of acute zinc deficiency; center, fruit • 
from similar tree two months after treatment showing discolored tough areas impregnated 
with gum in the thick rind; and, on the right, fruit from a similar tree treated 15 months 

previously. 
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affected. Deep tillage, lack of organic matter, or rootstocks un- 
suited to the soil may result in an increase of the symptoms. It 
appears that other factors which reduce the vigor of the tree have 
the same effect. Work in Florida apparently indicates that de- 
ficiencies of magnesium and copper reduce zinc intake through root 
injury, thereby giving rise to characteristic symptoms of zinc de- 
ficiency, even though the soil is not depleted of zinc. As a result 



Figure 26 . — Normal lemons (left) 


Courtesy of Calijornia Agricultural Experiment Station 

in comparison with lemons from trees severely affected 
bv zinc deficiency. 


of the tendency of copper deficiency to intensify zinc deficiency, 
“frenching” (zinc deficiency) was frequently classed as a symptom 
of “dieback” (copper deficiency) by earlier workers. Because of 
this relationship, zinc-deficiency symptoms are very often reduced 
when a coincidental copper or magnesium deficiency is corrected— 
a response that is frequently misleading to casual observers. In 
such cases there is sufficient available zinc in the soil for the 
ordinary needs of the trees, but they are unable to absorb it until 
the requirements of the trees for copper or magnesium are supplied. 
When symptoms of zinc deficiency are brought on by a lack of 
available zinc in the soil, however, the trees respond only to zinc 
treatment. The various causes for zinc deficiency have been dis- 
cussed in more detail by Camp (11). When deficiencies of other 
elements, such as nitrogen, cause a marked reduction of top growth 
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without seriously injuring the root system, the symptoms of zinc 
deficiency are usually mild. When nitrogen is supplied, however, 
an increase in growth occurs and on this new growth the zinc de- 
ficiency symptoms may be very severe (11). 

Cause and Treatment 

A deficiency of zinc in the soil commonly occurs in Florida, in 
California, and in other citrus areas where the soil has a low acidity 
(above pH 6.0) and is probably due to the formation of insoluble 
zinc compounds. In California the deficiency is not entirely de- 
pendent on soil reaction and is more prevalent on some soil types 
than on others. In Florida zinc deficiency also occurs on sandy 
soils of high acidity (pH 4.5 to 5.25); here it is probably due to 
the formation of acid-insoluble compounds (Jamison (46)). In 
Florida exhaustion by cropping (Camp (11)) also results apparently 
in zinc deficiency. 

The treatment commonly recommended is the use of a spray of 
zinc sulfate neutralized with hydrated lime or lime-sulfur in Florida, 
while a spray of zinc sulfate with lime or soda ash or a zinc oxide 
spray is usually used in California. Soil treatments on alkaline 
soils have been unsatisfactory, but on some soils in Florida with a 
pH between 5.5 and 6.0 excellent response has been obtained from 
small applications of zinc sulfate (Mowry and Camp (53)). In the 
latter cases, the deficiency is believed to be due to exhaustion of the 
soil rather than to the formation of insoluble compounds. 
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KEY TO PLAXT-NUTRIENT DEFICIENCY SYMPTOMS OF CITRUS FRUITS 


Element 

Deficient 


A. Symptoms originating with new growth. 

B. Leaves uniform in color over entire area. 


C. Growth reduced, frequently resulting in bushy appearance. 

D. New leaves light green to yellow green, growth short 

D. New leaves very light yellow green to yellow, markedly yellower than 

above 

D. New leaves with water-soaked flecks becoming translucent, fruit with 
hard gummy lumps in the rind 

D. Leaves green with fluting or tucking along midrib 

C. Growth greater than normal to excessive (not evident in California). 

D. Leaves usually large and very dark green, gummy excrescences on 

fruit and in axes of fruit segments 

B. Leaves showing a pattern in which veins and midrib are darker than 
tissues between the veins. 

C. Leaves reduced in size, pointed, with sharply contrasting pattern of 
green along midrib and main laterals; tissue between the veins very pale 

green or yellow; fruit small 

C. Leaves approximately normal in shape and size. 

D Dark green along midrib and main lateral veins with tissues between 
the veins lighter green to grayish; pattern not sharply defined and 

leaf dull color 

D. Fine network of green veins on very light green to yellow or whitish 
background, growth greatly reduced, and dying of twigs common. . . 

D. Fine network of green veins on light-green background with large 
leaves frequently malformed, fruit with gummy excrescences and gum 

in axes of segments. 

A. Symptoms originating on mature leaves and frequently associated with fruit 
production. 

B. Fading of chlorophyll starting in localized areas and gradually spreading. 

C. Fading of chlorophyll starting in blade of leaf parallel to midrib and 
spreading from there, but with base of leaf usually remaining green to 

very advanced stages 

C. Fading of chlorophyll starting along edges of leaf and gradually in- 
volving areas between veins 

B. Fading of chlorophyll not localized at start. 

C. Fading starting as mottled yellow green and yellow over entire leaf, 

which eventually becomes entirely yellow. 

C. Fading of leaf to dull green and eventually to orange yellow; in extreme 
cases, burned areas on leaves * 


Nitrogen 

Sulfur “ 

Boron 

Potassium 

Copper 


Zinc 

Manganese 

Iron 

Copper 


Magnesium 
Calcium ' 

Nitrogen 

Phosphorus 
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Courtesy of Florida Agricultural Experiment Station 

2 , Grapefruit showing symptoms of boron deficiency as described by Morris in Rhodesia, 
pper fruit shows aborted seed and gum pockets near the axis. Lower fruit shows part of the 
see aborted without gum formation. The hard impregnations in the rind are not shown 

in either of these fruits. 


[ 355 ] 





2 . 


Courtesy of California Agricultural Experiment Station 

Advanced stage of calcium deficiency on lemon leav^es showing dead areas developed 

in the mesophvU regions. 



Courtesy of California Agricultural Experiment Station 

Plate 3. Symptoms of manganese deficiency in lemon leav^es. The leaf at the left shows 

very mild symptoms which become progressively more acute in leaves at the right. The symptoms 
shown by the leaf at the left are commonly seen in the field, but those on the other three ieav^es 

occur occasionally. 
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Plate 4 



er 


Courtesy of Fiorida AgricuUural Experiment Station 

deficiency in citrus, showing large leaves with weak twigs growing from mul 
tiple buds, which die back before they are fully developed. 


357 1 



Plate 5.— 
of the fruit. 


CourtfSy of Florhhi A^ruuUur^! Exp>rim>nt 3 *- 

per deficiencv in Pineapple orange, showing brown excrescences on 
Such fruits are also likely to have gum pockets in the rind and gum m t e 

of the segments. 
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Courtesy oj Florida Agricultural Experiment Station 

Plate 6 , — Iron deficiency in orange leaves, showing fine ^reen veins on a yellow-^reen to yellow 

background and fine twig growth. 



Plate 7.- 


Courtesy oj California Agricultural Experiment Station 

Leaves showing so-called vein chlorosis w'hich is a result of girdling, rotting of the root, 

or any other injury that disrupts transfer of plant food. 
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Courtesy of Florida Agricultural Esp* *i»:' n, 

I*late 8 . — Magnesium deficiency in grapefruit foliage showing yellowing of leases 
to fruit. The yellowing starts near the midrib and gradually spreads outward until it 
the entire leaf, after which the leaf sheds, frequently leaving the fruit on a long t\Mg 

of leaves. 
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Courtesy of Florida Agricultural Experimeut Station 

Plate 9 . — Manganese deficiency on newly matured orange leaves, showing dark-green areas along 
the midrib and the main lateral veins and light-green areas between the veins. Note that the 
leaves are normal in size and shape. These leaves become very dull green at full maturity. 
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Courtesy of CaUfornia Agricultural Expcrpntut . 

Plutc Id . — OraniSe leaves showing vellowini due to nitrogen deficiencv 
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Plate 11. — Effects of varying potash supply on size and texture of oranges . A, \ alencia ^ 
picked in October, 1943: a, fruit picked in October from trees suffering from acute po ^ 
deficiencv. The stems died back on some of these, leading to necrosis o t e stem a 
fruit, b,' fruit from tree only slightly deficient in potash, c, fruit from tree 
potash, d, fruit from tree receiving excessive potash. B, navel oranges^ pic e in • % 

from acutely potash*deficient tree, b, fruit from tree slightly deficient in^potas . c, r 
tree receiving ample potash. {Reproduced from Hilgardia, \ ol. 17, p. 650, > courtesy o 

Universitv of California Agricultural Experiment Station.) 
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Courtesy of California Agricultural Experiment Station^ 


th IS 


to 


Plate 12 . — Shoot from navel-orange tree in early stages of sulfur deficiency. New 
very yellow as compared with older growth. Yellow leaves are similar in 
nitrogen-starved leaves. In a more acute stage of deficiency, the older leaves are 
than those shown here and many of them have a yellowish midrib. These symptoms 
^ large containers of soil. Sulfur deficiency has not been identified m 


trees grown in 
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Courtesy of Florida Agricultural Experiment Station 

Plate 13. — Zinc-deficiency symptoms showing dark-green coloration along the midrib and main 
lateral veins with tissue between the veins a light yellow. Note that the leaves are narrow and 
pointed and growth is very fine and upright in character. This gives the tree a bushy appearance. 
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APPENDIX 


Indicator Plants 


OME species of plants are more sensitive to nutrient deficiencies 



than others, and even different varieties of the same crop may 


react differently on the same soil. For example, different inbred 
lines of corn all planted on the same day and in the same field may 
exhibit different degrees of hunger signs. Certain strains may 
appear normal, others may show slight signs of deficiency, while 
still others may exhibit severe hunger signs. Of course, deficiency 
symptoms will not appear if the soil contains an ample, balanced 
supply of plant food. On the other hand, if the quantity of plant 
nutrients furnished by the soil is not quite enough for full produc- 
tion, the more sensitive strains will exhibit hunger signs while the 
less sensitive ones may not show signs of hunger. 

Agricultural scientists sometimes make use of deficiency symp- 
toms in plants that are sensitive to a lack of nutrients to evaluate 
a soil’s ability to yield up plant food. Such plants may be called 
^‘indicator plants.” Different species or different crops may be 
used for checking on the status of the different plant nutrients in 
the soil. Unfortunately, hunger signs do not show up on most com- 
mercial varieties of crops until after the plant is somewhat starved 
and the yield may already be affected. Through the use of indi- 
cator plants the farmer can often determine whether commercial 
crops are threatened with starvation and, if need be, correct the 
situation. 

Fortunately for man, many of our so-called pest plants — ^weeds, 
if you please — are excellent indicator plants and can be used 
for diagnosing the nutrient status of soils before actual deficiencies 
show up on the growing crops. Likewise, indicator plants are 
valuable as a guide with respect to the plant-food status of soils 
where the crops being grown are of types which do not develop 
characteristic hunger signs. 

The colored plates on the following pages show deficiency symp- 
toms in some of our common weeds. Many other weeds also are 
good indicator plants. Learn to recognize deficiency symptoms 
in weeds and in other natural vegetation, and you will have a valu- 
able tool to aid in diagnosing hunger signs in crops. 
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Courtesy of A nierii an Potash I nstit utc. 


Plate i,— Boron-deficient milkweed (Asclepias syrica). Notice the upward curlinj^ of the 

leaves and the checked ^j^r5wth of the yellow' terminal leaves and hud. 



'^ourtes^^^^i^^rtrey. Jr., V, 5 , Department of Agriculture. 

Plate 2.— White Oak (Quercus alba) grown under conditions, left, where 

supplied ; right, where magnesium was supplied. Note chlorosis in leaf on the left and no m 

green in leaf on the right. 
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boron-deficiency symptoms 286 

potassium-deficiency symptoms. . 280 
Aluminum — 

content of cotton 140 

nonessential to potato plant. . .108—109 
American Society of Agronomy, in- 
terest in study of malnutrition 

symptoms ^ 

Amino acids — 

formation in cell - ^ 

function in cellulose formation. ... 3 

“Ammoniation/’ in citrus, symptoms, 

314, 317 

Ammonium — 

salts, conversion into amino acids 5 

sulfate, fertilizer value S 

sulfate, in soil, formation 7 

Anthocyanin — 

development in potatoes 119 

Appendix, Indicator Plants 2fi7 

Apple — 

boron deficiency 225—229 

calcium deficiency 221— 22,> 

“corky core,’’ boron deficiency. . 225 

“drought dieback,” boron deficiency 225 
“drought spot.” boron deficiency 225 
external cork, boron deficiency. ... 225 
internal cork, boron deficiency. ... 226 

magnesium deficiency 223—224 

nitrogen deficiency 21 6—2 1 7 
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nutrient deficiency 215-230 

phosphorus deficiency 218-219 

potassium deficiency 219—221 

tree, wood injury due to boron 

deficiency 22/ 

twigs, nutrient content. 249 

zinc deficiency 229-230 

See also Fruit trees. 


Arsenic, provision by spray programs 108 


lacteria 


Lcceria — 

nodule, relation to soil acidity 2 74—2 77 

, .. , — . oi 


Ji 4 'Vh* 4 V. ^ i ^ V 

relation to nitrogen deficiency 
arlev — 

nitrogen-deficiency symptoms, 
nutrient-deficiency symptoms 
potassium-deficiency symptoms. . 
yield increase from magnesium. 

I ea n s — 

lima, magnesium-deficiency symp- 
toms 


81 

81 
79-85 
84 
. 84 


* • ♦ 


182 


182 


snap, magnesium-deficiency symp- 
toms 

snap, manganese-deficiency 

symptoms - 195—196 

EAR, Firman E., foreword i 

EAR, Firman E.: Plant-Nutrient De- 
ficienev Symptoms in Legumes. 


Beets — 

brown heart, boron deficiency. ... 183 
manganese-deficiency symptoms.. 195 
potassium-deficiency symptoms. . . 176 
Bordeaux — 

magnesium, effect on potato yield. . 116 


Boron — 

application methods. 118—119 

application rate for cotton 161 

deficiency — 

correction • 160—161 

in apple twigs and leaves. . . .22 7—229 

in apples, symptoms 225-229 

in beets, symptoms 183—184 

in cauliflower, susceptibility. . . 107 

in cauliflower, symptoms. ...... 185 

in celery, susceptibility 107 

in celery, symptoms 183 
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Carbon — Continued 
dioxide — 

function in plant cell 4 

solvent of calcium 8—9 

forms and relation to life ......... 4 

requirement per acre of corn 2 

Carbonic acid, formation in soil. ... 14 

Caribou loam, magnesium deficiency 116 
Carrots — 

magnesium deficiency 181 

Cauliflower — 

boron deficiency, susceptibility. ... 107 

boron-deficiency symptoms 185 

phosphorus deficiency 177 

use as boron indicator 107 

Celer>^ — 

boron deficiency, susceptibility. . . 107 

crack stem, symptom of boron 

deficiency 183 

phosphorus-deficiency symptoms 177 
Cell- 

division, relation to phosphorus 

supply 6 

processes, role of calcium 9 

turgor, relation to osmosis 3 

Cellulose formation, relation to — 

amino acids 3 

phosphorus supply 6 

plant water system 3 

potassium content 69 

sugar ^ 

Cereals, boron requirement 76, 85 

Chapma.v, H. D.; Symptoms of Cit- 
rus Malnutrition. With A. F. Camp 

and E. R. Parker 307-354 

Chemical elements, requirement of — 

com plant 2 

plant growth 20 

Chemical tissue tests — 

detection of nutrient deficiencies, 

61-62, 248-250 
for corn and small grains 86—89 

for fruit trees 248—250 

for phosphates 68—69, 86—87, 88 

for small fruits 245 

Chlorine — 

content of cotton 140 

requirement per acre of com 2 

Chlorophyll, relation of — 

magnesium to 8, 281 

nitrogen to 63 

Chlorosis in — 

citnis, iron-deficiency symptoms 320 
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cotton, boron-deficiency symptoms 160 
cotton, zinc-deficiency symptoms. . 158 
legumes, deficiency symptoms, 

269, 273-274, 282-283, 287 
peaches, zinc-deficiency symptoms, 

240-241 

peanuts, iron-deficiency symptoms 288 
potatoes — 

boron-deficiency symptoms .... 119 

lime-induced 123 

magnesium-deficiency symptoms 115 
manganese-deficiency symptoms, 

120-121 

red clover, calcium-deficiency 

symptoms 273—274 

soybeans, iron-deficiency symptoms 288 

tobacco, occurrence 26, 37, 42. 43 

truck crops, prevention 194 

v^egetables, magnesum - deficiency 

symptoms 180 

Citrus — 

“ammoniation,” symptoms . 314, 317 

areas, nutrient deficiencies, com- 
parison . 307 

boron deficiency in Rhodesia 308 

boron-deficiency symptoms, 

308-310,350 

“bronzing,” symptoms 327 

calcium-deficiency symptoms, 

311-313, 350 

copper-deficiency symptoms, 

314-318, 350 

“dieback” — 

correction 307 

symptoms 313—314 

“exanthema,” symptoms 314 

fruits — 

copper-deficiency symptoms 316. 350 
nitrogen-deficiency symptoms. 350 
“hard fruit,” causes. . . 308 

iron-deficiency symptoms .318— 321, 350 

leaves, “dieback,” causes 311-312 

leaves, “frenching, ” causes 343. 346 

magnesium-deficiency symptoms. 

321-326, 350 

malnutrition symptoms. A. F. 
Camp, H. D. Chapman and E. R. 
Parker 307—354 

manganese-deficiency' symptoms. 

326-331, 350 

“marl chlorosis.” symptoms 32 7 

“mottle-leaf, “ causes 343 

■mottle-leaf,” symptoms 327 
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Citrus — Continued 

nitrogen-deficiency symptoms, 

331-334, 350 

nutrient deficiency — 

in Florida, causes 307 

symptoms 307-354 

symptoms, key 350 

phosphorus-deficiency symptoms, 

334-337. 350 

potassium-deficiency symptoms, 

337-341, 350 

‘‘red rust." symptoms 314 

sulfur-deficiencv symptoms, 

341-342, 350 

susceptibility to cold damage. .324-325 
trees, application of — 

boron 

copper sulfate 318 

zinc-deficiency symptoms 343-349, 350 
See also Grapefruit; Lemon; 
Orange. 

Clay acids, formation 14 

Clover — 

Lad i no — 

boron-deficiency symptoms 286 

potassium-deficiency symptoms. 280 
red — 

boron-deficiency symptoms 286 

calcium-deficiency symptoms 272-273 
effect of soil acidity on calcium 

absorption 2 72-273 

manganese-deficiency symptoms 

in New Jersey ... 287-288 

potassium-deficiency symptoms. 280 

sweet — 

potassium-deficiency symptoms 280 
Cobalt- 

requirement for animals . 18 

Coleman. Russell, foreword i 

Cooper. H. P.: Plant-Nutrient De- 
ficiency Symptoms in Cotton. With 
Lerov Donald 135—164 

Copper— 

application to oats 8:) 

catalytic action in cell 10 

deficiency — 

correction 189, 348 

correction in legumes 289 

in citrus, symptoms. .314-318. 350 

in legumes, symptoms 289, 293 

in lettuce, symptoms • ■ 190 

in onions, symptoms 190 

in Portsmouth soils 189 
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in potatoes, rarity .123-124 

in potatoes, symptoms 127 

in tobacco, symptoms. 37-39, 43, 44 

in tomatoes, symptoms 190 

in truck crops, symptoms. ..189-191 

in vegetable crops 199 

provision by spray programs lOS 

requirement of — 

corn per acre 2 

plants 123 

tobacco 8/ 

source in soil 123-124 


sulfate, application to citrus trees 318 

sulfate, application to soils, 

124, 189, 190-191 


Zorn 


bacterial wilt, distinction from po- 
tassium deficiency ^2 

boron — 

deficiency symptoms 

requirement 

requirement per acre 2 

calcium — 

deficiency symptoms 

requirement 74-76 

requirement per acre 2 

carbon requirement per acre 2 

chemical tissue tests 72, 86-88, 89 

chlorine requirement per acre .... 2 

copper requirement per acre 2 

crop, condition, indicator value for 

rotation deficiencies 62, 66, to 

deficiency symptoms. George K 

Hoffer and B. A. Krantz 59-89 

ears, irregularities, cause 

Golden Bantam, boron deficiency . . / ^ 

iodine requirement per acre ^ 

iron requirement per acre 

leaf rA 

“firing,” causes 

potassium-deficiency symptoms / t 
symptoms, indication of nutrient 

deficiencies 

magnesium deficiency — , 

relation to sodium fertilizers. • - ^ ‘ 

. . . 
symptoms • • ^ 

magnesium requirement per acre - 
manganese requirement per acre 
maturity delay, symptom of p 

phorus deficiency 

nitrogen deficiency— 

chemical tissue tests 6^-64 

correction 
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Corn — Continued 

nitrogen deficiency — Continued 

symptoms 62—66 

nitrogen requirement per acre 2 

nutrient — 

deficiency symptoms 59, 62-79 

requirements per acre 2 

nutrients, determination by chemi- 
cal tissue tests 61-62 

phosphoric acid requirement per 

acre ^ 

phosphorus deficiency — 

chemical tissue test. . . .6S— 69, 86— S7 

symptoms 66—69 

plant — 

dwarfed, potassium starvation 72 
iron accumulation, relation to po- 
tassium deficiency 72 

lodging, potassium starvation. 72 
spindling, nitrogen starvation. . . 72 

plants — 

dry matter, weight per acre ... 1 

requirements per acre 2 

potash requirement per acre 2 

potassium — 

deficiency, chemical tissue tests 87— SS 
deficiency symptoms . . 69—73. SS 

requirement 69—70 

rotations, relation of potassium 
liberation rate to 73 

silks, delayed emergence, symptom 
of phosphorus deficiency 67 

strains, toleration of calcium 

deficiency 

sulfur requirement per acre 2 

“white bud,” zinc deficiency .78—79 

yields, response to phosphorus. 67 

zinc-deficiency symptoms 78-/9 

zinc requirement per acre 2 

Corn Belt soils, magnesium deficiency 74 

Cotton — 

boron application, rate 161 

boron-deficiency symptoms . 160—161 

calcium-accumulator plant, effect 

upon yield 139, 154 

calcium application, rate 161 

fertilizers, application rates 161 

fertilizers, consumption 135—136, 145 
fruiting delay, phosphorus- 

deficienev svmptom 1*^6 

■•w w ^ 

growth, retardation of magnesium 
deficiency 
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leaves, shedding, cause 154 

magnesium application, rate 161 

magnesium-deficiency symptoms 

1 54—156 

manganese application, rate 161 

manganese-deficiency symptoms 

156—1 58 

maturity delay, cause 146 

nitrogen — 

application, rate 161 

deficiency symptoms 145-146 

utilization in western Cotton Belt 136 

nutrient deficiencies — 

prevention 161 

symptoms, key 162 

phosphorus application, rate 161 

phosphorus-deficiency symptoms 

146-147 

plant — 

availability of chemical com- 
pounds 1'^^ 

calcium-content variations 154 

chemical composition 139-140 

effect of nitrogen on growth 140-144 

magnesium deficiency, relation to 

source of nitrogen 155-156 

tolerance of climatic condi- 
tions 138—139 

plant-nutrient deficiency symptoms. 

H. P. Cooper and Leroy Donald 

135-164 

potassium application, rate . 161 

potassium-deficiency symptoms 148—149 
production, effect of sodium in re- 
lation to calcium and potassium 151 
rate of growth, relation to nutrient 

deficiencies 

response to fertilizers 1-56 

“rust.” symptom of potassium de- 
ficiency 148 

sodium utilization 149 

sulfur application, rate 161 

sulfur-deficiency symptoms. .159-160 

tolerance of soil acidity 139 

yields, increase by use of sodium. 149 
yields, response to potassium and 

sodium 149, 150 

zinc application, rate 161 

zinc-deficicncy symptoms 158-159 

Cowpeas — 

magnesium-deficiency symptoms . 282 

potassium-deficiency symptoms. 278 
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Crop — 

phints, nutrients, clctermination }»>' 
chemical tissue tests M-Yi? 

plants. pH v'alue for growth 1^ 

production, relation to nitrogen re- 
placement 5 

rotation, mineral lack, indication hy 

corn symptoms 62. 7 > 

Crops — 

ability to ahsorl) available potas- 
sium . . 2Sl 

commercial, determination of 
starvation through “indicator 
plants" 367 

Crops, truck. Srr Truck froi)s. 
Crotalaria. magnesium defuiency 282 
Cucumbers — 

magnesium-dehciency symjitoms 1S2 
manganese-deficiency sym[>t(»m> 106 
nitrogen-deficiency symptoms 1/4 

Cvstine, conversion into protein .... 7 


Davidson. O. Weslky: Nutrient-De- 
ficiencN' Symptoms in I)eciduous 
I'ruits. With Wesley P. Juilkins 

215-252 

Diplodia. association with nitrogen 
deficiency in citrus 3a I 

Donald, Leroy: Plant-Nutrient De- 
ficiency Symptoms in Cotton. W ith 
H. P. Cooper 1 3 >“164 


“E.xanthema." in citrus, symptoms 


Ferrous suit ate, rerned)’ for iron do- 
ne ienev 

Fertiliser, analysis, explanation 
Fertilizers — 

acid- forming ettects 
addition of magnesium, effect on 
potato plants 

application rate tor Hartsells sandy 
loam 

commercial- 

supply of available nitrogen 
supply of available phosphorus 
supply of available potassium 
uliliz;Uion by potato plants 
consumption in Southea>tern 

1 ^ ^ 

Mates ' 
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Srr also .\[*ple: Ci? 

Fruits — 

deciduous, nutricnt-dchciency 
symptoms. O. Wesley DaNiclM^n 
and Wesley P. Judkins 215-252 
defuiency symptoms, correspoodint 
similarities 715 , 251 

See als0 specific kinds. 
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rain fields — 

“Juno 'ijHits.** explanation 
“row effect. ' explan.it ion 
rains, small — 
boron requirement 
chemical tissue te-^ts for nRliltff. 

phosphates and p^itassium ^ 

deficiency symptoms George 

Hotter and B A Krant* 59-1^ 

nitrogen deficiency, chemical tisiiie 
tests ^ 

nutrient deficiency — 
chemical tissue tests 
symptoms 

nutrients, determination by 
chemical tissue tests 
nutrition, factors affectiw 
phosphate defuiency. chemical 

tissue tes's 
phci5f>honi'i-ilenv ien« > sx'mptoms SI 
phosphorus rc(:|uircTfMr4 - ^ 
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Grapes — 

boron-deficiency symptoms. . . .247—248 
magnesium-deficiency symptoms . . 248 
nutrient-deficiency symptoms 247—248 
potassium-deficiency symptoms. . . 248 


Grasses, boron requirement 85 

Gypsum, fertilizer value 7 


Hambidge, Gove, foreword iii-xi 

Hartsells sandy loam, fertilizer ap- 
plication 145-146 

Hoffer, George N. : Deficiency 
Symptoms of Corn and Small 
Grains. With B. A. Krantz . . . .59—89 
Houghland, G. V. C. : Plant-Nutri- 
ent Deficiency Symptoms in the 
Potato. With H. A, Jones and B. 

E. Brown 107—127 

Hydrogen-ion content, soils, measure- 
ment 14 


"‘Indicator plants,” deficiency symp- 
toms 367 

Iodine — 

requirement for animals 18 

requirement per acre of corn 2 

Iron — 

accumulation in corn plant, relation 

to potassium deficiency . 72 

availability in acid soils 9 

content of cotton 140 

deficiency — 

associated with magnesium in 

Florida 318 

associated with manganese in 

Florida 318 

associated with zinc in Florida. . 318 

in citrus, cause 320 

in citrus, symptoms. . .318-321, 350 
in legumes, symptoms. .288-289, 293 

in potatoes, symptoms 123, 12 7 

in tobacco, symptoms 36-37, 44 


in tomatoes, symptoms 189 

in truck crops, symptoms. . .188—189 
in vegetable crops, symptoms. . . 198 

plant requirement 188 

requirement per acre of corn 2 

soil content 9 

solubiUty. effect of lime 137 

test, reagent preparation 89 


Jones, H. A.: PlanL-Nutrient De- 
ficiency Symptoms in the Potato. 
With B. E. Brown and G. V. C. 

Houghland 107-12 7 

Judkins, Wesley P.: Nutrient-De- 
ficiency Symptoms in Deciduous 
Fruits. With O. Wesley Davddson 

215-252 


Krantz, B. A. : Deficiency Symptoms 
of Corn and Small Grains. With 


George N. Hoffer 59-89 

Land plaster, fertilizer value 7 

Legumes — 

boron-deficiency symptoms. . .284—286 

boron requirement 76 

calcium-deficiency symptoms. 270—274 

copper-deficiency symptoms 289 

growth retardation, cause 269—270 

insect damage 292 

iron-deficiency symptoms. . . . .288—289 


magnesium-deficiency symptoms 

281-283 

managanese-deficiency symptoms 

286-288 

nitrogen-deficiency symptoms 274—277 
nutrient-deficiency symptoms. 

Werner L. Nelson and Firman 

E. Bear 269-296 

phosphorus-deficiency symptoms 

277-278 

potassium-deficiency symptoms 278—281 
sulfur-deficiency symptoms . . .283—284 
yields increased by applications of 


molybdenum 291—292 

zinc-deficiency symptoms . . .289—291 

Lemon leaf, zinc deficiency 343 


Lemon, zinc-deficiency symptoms . . . 345 

See also Citrus. 

Lespedeza, Korean, boron-deficiency 

symptoms 286 

Lettuce — 

boron-deficiency symptoms. .184—185 

copper-deficiency symptoms 190 

Lime — 

application to peanuts - 272 

effect on boron solubility 137 

effect on iron solubility 137 
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Lime — Continued 

effect on magnesium balance 12 

effect on manganese solubility. . . . 137 

effect on potassium balance . 12 

effect on potassium solubility. . . . 137 
use to decrease solubility of plant 

nutrients 137 

Limestone — 

applications in the Southeastern 
States, relation to potash-defi- 
ciency symptoms 149 

applications, relation to potassium 

deficiency of fields 73 

dolomitic, effect on magnesium-de- 
ficiency symptoms in corn 74 

dolomitic. effect on magnesium-de- 
ficiency in cotton 156 

dolomitic. effect on magnesium-de- 
ficiency symptoms in legumes. . 283 


Magnesium 


application rate for cotton 161 

chloride, solubility in wet weather 137 
combination with calcium in to- 
bacco plants 31 

combination with phosphates 8 

content of cotton 140 

content of plants 8 

deficiency — 

correction 116, 179—180, 348 

in acid soils 74, 116 

in apples, symptoms 223-224 

in beans, symptoms 182 

in cabbage plants, symptoms 179-180 

in Caribou loam 116 

in carrots, symptoms 181 

in citrus, symptoms .. .321-326, 350 

in corn, symptoms . .73-74 

in cotton, symptoms. ..154-156, 162 

in cowpeas, symptoms 282 

in crotalaria, symptoms 282 

in cucumbers, symptoms 182 

in fruit trees, symptoms 251 

in grapes, symptoms 248 

in legumes, symptoms. .281-283, 293 


in Massachusetts soils 
in oats, symptoms ... 
in onions, symptoms 
in peaches, symptoms 
in peanuts, symptoms 
iri potatoes, symptoms . 
in southern soils 


.... 74 

.... 84 

182 

.239-240 
.282-283 
114-116, 126 
74 
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in soybeans, symptoms 282 

in squash, symptoms 182 

in strawberries, symptoms ... 247 

in sweet potatoes, symptoms. . . . 182 

in tobacco, symptoms 


28-30, 40. 42. 44 
in tomato plants, symptoms . 180 

in truck-crop areas, causes 179-180 

in turnips, symptoms 181 

in vegetable crops 198 

in wheat, symptoms 84-85 

relation to calcium and nitrogen 


content 115 

relation to sodium fertilizers .... 74 

relation to solubility in wet 

weather 137 

effect on vegetable crops 180-181 

limestone, application to soils 180 

movement in plant 73 

nitrate, solubility in wet w’eather. 137 

oxide, pH corrective 325 

relation to chlorophyll 8 

requirement per acre of corn 2 

solubility, relation to deficiency 

symptoms in w^et weather 137 

sulfate — 

addition to potato fertilizer. .lLi-ll6 

application to citrus 325-326 

solubilitv in w^t \veather 137 

m 

supply, conserved by cover crops. 180 


^langanese — 

application rate for cotton 

catalytic action — 

in potato plant. . 

in soil 

wnth zinc and copper 

chlorosis, relation to iron chlorosis 

content of cotton 

deficiency — 

correction 

correction in legumes 

in beans, symptoms 195 

in beets, symptoms 

in cabbage, symptoms 
in calcareous soils 
in citrus, symptoms. o26— ,>ol, 

in cotton, symptoms 1:'6-1:?S. 

in cucumbers, symptoms 
in legumes, symptoms 2b6— 2SS, 

in oats, symptoms 
in peppers, symptoms 
in potatoes, symptoms 
in spinach, symptoms. . 


161 

120 

85 

10 

288 

140 

1 56 

288 

196 

195 

196 


350 
162 
196 
293 
S5 
196 

120-122, 127 
. 194 
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Manganese- 
deficiency 

in tobacco, symptoms . . , 

in tomatoes, symptoms 
in truck crops, symptoms 

in vegetable crops 

excess in acid soil ..... 
plant-growth requirement 
requirement per acre of corn 
solubility, effect of lime. . . 

sulfate, application 

citrus 

soil ...... 


35-36, 44 
193-194 
192-196 

19S 

. 121-122 

120 

2 

137 

330-331 
85, 193 


toxicity, in cotton 15 7—158 

McMurtrey, J. E., Jr.: Plant- 

Xutrient Deficiency in Tobacco 19—46 
Midwest soils, nitrogen deficiency 60 

Mineral-hunger symptoms, in plants, 

background for diagnosis 20—22 

Minerals. See Nutrients and specific 
compounds and elements. 

Molybdenum — 

application to legumes . . 291—292 

deficiency — 

in tomatoes, symptoms 196—197 

in vegetable crops 198 

nonessential to potato plant 108—109 
toxic to animals 292 


National Fertilizer Association, The, 
contribution to study of malnutri- 
tion symptoms i, V 

Necrosis in — 

lemons, calcium deficiency . . . 311 

tobacco leaf tissue, causes 26 

tobacco, occurrence 42 

Nelsox, Wern’Er L. : Plant-Nu- 
trient Deficiency Symptoms in 
Legumes. With Firman E. Bear 269—296 
Nicotine content of tobacco plants, 
relation to nitrogen supply 23 

Nitrates — 

assimilation, in com, relation to 
phosphate supply 
chemical tissue tests, in com 
chemical tissue tests, in small grains 
formation and plant nutrition 4 

salts, conversion to amino acids 5 

tests, reagents, preparation 89 

Nitrites — 

formation, relation to plant nutri- 
tion 4 


68 

86 

88 


Nitrogen — 

application rate for cotton . 161 

application, relation to zinc de- 
ficiency in citrus 348—349 

chemical tissue tests, in corn 86 

compound deficiency, symptoms 125 

content of cotton 140-144 

deficiency — 


146 

216-217 

81 

331-334, 350 
62-66 
145-146, 162 

174 


correction .... 
n apples, symptoms 
barley, symptoms 
citrus, symptoms 
corn, symptoms . 
n cotton, symptoms 

n cucumbers 

n fruit trees, symptoms 251 

n legumes, symptoms 274-277, 293 
in Midwest soils 
n oats, symptoms 
n onions, symptoms 
peaches, symptoms 
potatoes, symptoms 
radishes, symptoms 
rye, symptoms 
sandy soils 

n small grains, symptoms 
n soils of humid regions 

n southern soils 

n strawberries, symptoms 
n tobacco, symptoms 
tomatoes, symptoms 
n vegetable crops 
n wheat, s\'mptoms 


. . . 60 
. 80-81 
174 
231-232 
109-110, 126 

174 

81 

1 10. 215 
.80-81 
. 60 

60 

246 
22-23, 44 
173 

172-174, 199 

81 


relation to bacteria in soil 81. 2 74—2 77 
relation to reduction of water 
content 23 

with phosphorus, symptoms 125 

with potassium, symptoms 125 

effect on growth of cotton 140—144 

effect on growth of cotton, sum- 
mar\' l"^"^ 

fertilizers, application to corn 63—64 

fixation — 

in soils and fertilizers 5 

increased by additions of molyb- 
denum 

relation to manganese in soil 85, 
in fertilizer analyses 
losses, preventive measures 
movement in soil w'aters 
replacement, relation to crop pro- 
duction 


292 
282 
vi 
1 10 
1 1 
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Nit ro^jcn — Continued 
rc(|uirrment of — 
citrus trees . 
corn per acre 
|)lant ^Towlh 
tobacco plants 
source in potato production 
supply, control for tobacco crop 
supply, relation to nicotine content 
of tobacco plants 
utilization bv cotton 
value as |)lant nutrient 
Norfolk sandy-loam soil, boron dc- 

ficiencv 

Nutrient — 

compounds, relative solubility 
deficiencies — 

detection bv tissue tests 
in cotton, prevention 
in peaches 
in sandy soils 
I>lant differences 
deficiency symptoms 
in ajiples 

in liarlev 

* 

in citrus. . . 
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in corn 


807-854 
5‘b 62-70 
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Lerov Donald 

i,; 5 -if .4 

Oxalic acid, tormitu'n 

in deciduous fruits 

. O. Wt'slt’v 

* 

oxalate 

Davidson and 

Weslev P. 

• 

Oxidation, fun^tifn ;n plint 

Judkins 

21^-252 

t )x\ cen- - 

in fruit trees 

251 

lontent of pl\n"' 

in grapes 

247-248 

rcfluetion funi*jf»n in pDn 

in oats 

70-85 

requirement r o rt* < 0 ’ f" 

in potatoes 

107-127 


in rve 

• 

70 - 8 ^ 


in small fruits 

245-246 

PXRKFR K R '^vmp^'n- **f 


in tobacco. T. E. McMurtrev. 
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10-46 
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in tobacco, kev 

44 

Peach — 


in tomatoes 

175 . 177 

*■ lit tie leaf." causes 

2 -i' 

in vesretable crops 

lOS-lOO 

trees. comfHHind dchcKTH'W^ 

’ll 

• * 

* j 

in vegetables, summary 

107-108 

twi^. nutrient content 

r» 

in wheat 

70 -S > 

Peaches — 


recognition 

21 

K> ron » V h: 6 c i e n cx ' xtp. pt -s 

2 *: :*■ 

requirements of [x>talo 

107-100 

c .1 1 c 1 u m -dc ti c i encx ^xm pr « >rr < 

2 2 * 


01-62 


Nutrients — 

determination by chemical tissue 
tests 

excesses and deficiencies, relation 
ships 

plant requirements and equivalents 1 , 2 


20 
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nit rocen-debci^ncy s>Tnp<orei;« 
nutrier.t-dehciericy s>TnpCom^ 
phosphorus-defkieBcy syTtip*- 
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Peaches — Continued 

phosphorus-potassium defi- 
ciency symptoms . 244— 245 

potassium-deficiency symptoms 233-236 

zinc-deficiency symptoms 240—242 

See also Fruit trees. 

Peanuts — 

boron toxicity, causes 286 

magnesium-deficiency symp- 
toms 282-283 

manganese-deficiency symptoms. . . 287 
yields as affected by lime applica- 
tions 2 72 

Peas, garden, calcium-deficiency 

symptoms . 178 

Peppers, manganese-deficiency symp- 
toms 196 

pH controls availability of minor ele- 
ments 172 

pH scale, for acidity and alkalinity 

measurement in soils 15 

Phoniopsisy association with nitrogen 

deficiency in citrus 331 

Phosphates — 

application methods, tests of effec- 
tiveness 68 

application, relation to potassium 

deficiency in fields 73 

assimilation, in corn, relation to 

nitrate supply 68 

chemical tissue tests, in corn . . 86—87 

chemical tissue tests, in small grains 88 

combination with magnesium S 

test, reagent preparation 89 

See also Superphosphates. 

Phosphoric acid — 

in fertilizer analyses vi 

requirement per acre of corn 2 

Phosphorus — 

application rate for cotton 161 

chemical tissue tests, in corn 86—87 

content in plants, relation to re- 
production 66 

content of cotton 140 

deficiency — 

correction 147 

corrective treatment in citrus 

soils 33 7 

effect on sugar formation 6. 13 

in apples, symptoms. . . . 218 - 219 , 251 

in broccoli, symptoms 177 

in cabbage, symptoms 177 

in cauliflower, symptoms 177 


In celery, • vn .j i 77 

in citrus, ^>inp'ums. , . .3 34 - 3 a 7 , 3 50 

in corn, cheiTiicai te.st GS 

in corn, delay in iiiaLuril}.’. . . 66—67 

in corn, svTnptoms 66-69 

in cotton, symptoms. . . . 146 - 147 , 162 

in eastern truck-crop areas 176 

in fruit trees, symptoms 251 

in legumes, symptoms. . 277 - 278 , 293 

in oats, sj^ptoms 81—82 

in onions, symptoms 177 

in peaches, symptoms 232 - 233 , 251 
in potatoes, symptoms. . 110-111, 126 

in radishes, symptoms 177 

in small grains, symptoms 81-82 

in strawberries, symptoms 246 

in tobacco, symptoms 23 — 25 , 44 

in tomatoes, symptoms 177 

in truck crops, symptoms . . 176—177 

in vegetable crops, symptoms . 199 

in wheat, symptoms 82 

on grazing lands 18 

range of soil types Ill 

with nitrogen, symptoms 125 

relation to — 

cell division 6 

cellulose formation 6 

sugar content 6 

requirement of — 

legumes 277 

potatoes 110—111 

small grains 81 

tobacco plants 23 

Photosynthesis, relation to manganese 

content 120 

Plant — 

cell, role of carbon dioxide 4 

growth — 

environmental factors affecting. 11 

function of calcium 8—9 

indicator of soil fertility 59 

nutrient requirements 11, 20—22 

See also Plants. 

Plant Food Research Committee, con- 
tribution to studv of malnutrition 

symptoms v 

Plant food. See Fertilizers: Plant nu- 
trients; and specific compounds and 
elements. 

Plants — 

boron requirement 76 

calcium requirement 31 

carbon content . 4—5 
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Plants — Continued 

copper requirement .123-124 

hunger signs, value to grower. . . . 15-16 
‘‘indicator," deficiency symptoms. . 367 

iron requirement 188 

magnesium content 8 

magnesium requirement 73 

manganese requirement 85 

mineral-hunger symptoms, back- 
ground for diagnosis 20-22 

mineral requirements 1-14 

nitrogen — 

deficiency symptoms 125 

requirement 173 

utilization 5 

utilization in ammonia and ni- 
trate form 173 

nutrient compounds, relative solu- 
bility . . 137-138 

nutrient deficiencies — 

compound, characteristics. . 125-126 

compound, recognition 40 

in vegetable crops and soils, 

corrective measures 199-200 

relation to growth variations. ... 61 

nutrient-deficiency symptoms — 

in citrus 307-354 

in citrus, key 350 

in corn and small grains. George 
N. Hofler and B. A. Krantz. .59-89 
in cotton. H. P. Cooper and 

Leroy Donald 13 5—1 64 

in cotton, key 162 

in deciduous fruits. 0. Wesley 
Davidson and Wesley P. Jud- 
kins 215-252 

in fruit trees, key 251 

in legumes, key 293 

in legumes. Werner L. Nelson 

and Firman E. Bear 269-296 

in the potato. H. A, Jones, B. 

E. Brown and G. V. C. 

Houghland 107-127 

in the potato, key 126-127 

in tobacco. J. E. McMurtrey, 

Jr 19-46 

in vegetable or truck crops. J. J. 
Skinner and E. R. Purvis . . 171—200 

in vegetable crops, key 198—199 

recognition 21 

nutrients — 

availability, relation to soil 
acidity 14-16 


Page 

excess and deficiencies, relation- 


ship 20 

requirement of corn plant 2 

nutrition, associated factors 59 

nutrition, relation to animal nutri- 
tion 16-18 


oxygen content . 3-4 

pH values, growth range. . . 15 

phosphorus-deficiency symptoms 125 

phosphorus requirement 66 

potassium-deficiency symptoms . 125 

potassium requirement 5-6, 69-70 

reproduction, relation to phos- 
phorus supply 66 

starvation, analysis of causes 1-18 

starvation symptoms 13-14 

sugar formation, relation to phos- 
phorus starvation 6-7. 13 

sulfur content 7-8 

sulfur deficiency 122-123 

tissue tests, detection of nutrient 

deficiencies 13, 248-250 

water — 

content 2-3 

content, reduction in nitrogen 
deficiencv 23 

«i' 

svstem, root function 2-3 

See also Plant. 

Portsmouth soils, copper deficiency 180 
Potash — 


application to cotton, response. 137 

fertilizer value 8 

“hunger.” in cotton 148 

in fertilizer analvses vi 

muriate of. application methods on 

corn rows "0 

requirement of potato crop 113 

requirement per acre of corn 2 


response of cotton plant 1^5' 

See also Potassium. 

Potassium — 

application rate for cotton 161 

application, relation to magnesium 181 
carbonate — 


effect on solubility of plant nu- 
trients 

chemical tissue tests — 

in corn . 72, 87-88 


in small grains 

content of cotton 

content, relation to — 

cellulose formation 

protein formation in plants 


88 

140 

69 

69 














Page 


Potassium — Cojitiniied 
deficiency — 

in alfalfa, symptoms. . .278, 2 79-280 

in alsike, symptoms 280 

in apples, symptoms 219-221 

in barley, symptoms 84 

in Brussels sprouts, symptoms, 

175-176 

in cabbage, symptoms 175 

in citrus, symptoms. . . .33 7-341, 350 


in corn, symptoms 69-73, 87, 88 

in cotton, symptoms. . .148-149, 162 

in cowpeas, symptoms 2 78 

in cucumbers, symptoms 176 

in dry weather 137 

in fruit trees, symptoms 251 

in grapes, symptoms 248 

in Ladino clover, symptoms. . . . 280 
in legumes, symptoms. .278-281. 293 


in onions, symptoms 176 

in peaches, symptoms 233-236 


in potato, symptoms. . .111-114, 126 

in radishes, symptoms 176 

in red clover, symptoms 280 

in small grains, symptoms . . 83-84, 88 

in soybeans, symptoms 278-279 

in strawberries, symptoms 246 

in sweet clover, symptoms 280 


in tobacco, symptoms. 25—28 

in tomato, symptoms 175 


in truck crops, symptoms. . .174-176 
in vegetable crops, symptoms. . . 198 


in wheat, chemical tests 83 

in wheat, symptoms 83-84 

with nitrogen, symptoms 125 

effect on oxidation and reduction . . 4 

function in plant, theories 6 

liberation rate, relation to corn 
rotation 73 

mov^ement in plant 69 

requirement of — 

apple orchards 210 

70 

cotton 148 

legumes 278 

peach trees 233, 235 

5_5^ 59 


potatoes 111-114 

solubility, effect of lime. 13 7 

sulfate — 

application to citrus 340-341 

in soil, formation 7 

test, reagent preparation 89 


unavailability of supply. 
See also Potash. 

Potato — 


adaptability to wide growth range 109 

anthocyanin development 119 

boron deficiency 118-120, 126 

boron requirement ng 

calcium deficiency 116-118, 126 

calcium requirement. . 115 

commercial fertilizer utilization. . . 109 
cooked, boron-deficiency symptoms 118 


copper deficiency 127 

copper deficiency, rarity 123—124 


crop, potassium requirement. . .112-113 
dehydrated, quality unaffected by 

boron 128 

fertilizers for, addition of magne- 
sium 107 

fields, value of cauliflower as boron 

indicator 107 

flecks, phosphorus deficiency Ill 

iron-deficiency symptoms. . . . .123, 12 7 

leaves, potassium deficiency 126 

leaves, potassium requirement 112-113 
lesions, phosphorus deficiency .... Ill 
magnesium deficiency. . . .114—116, 126 


manganese deficiency 120, 127 

nitrogen deficiency. ..... 109-110, 126 
nutrient — 


deficiency symptoms. H. A. 

Jones, B. E. Brown and G. V. 

C. Houghland 107-127 

symptoms, key. . .126-127 

requirements 107-109 

phosphorus deficiency .... 1 10-1 1 1 . 126 

phosphorus requirement 1 10-1 1 1 

plant, catalytic action of manga- 
nese 120 

plant, response to fertilizers 110 

plants, compound deficiencies. .125-126 

potassium deficiency 111—114, 126 

potassium requirement 11 1-1 14 

response to environment . 108 

roots, boron-deficiency symp- 
toms 119-120 

“sickness,” control measures. ..... 115 
size, effect of boron deficiency. ... 120 

sulfur deficiency 127 

sweet, boron-deficiency sviriptoms. 1.86 
sweet, magnesium-deficiency symp- 
toms 182 

yield, value of magnesium Bor- 
deaux mixture 


116 
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Potato — Continued 



relation to magnesium defic 

iency 

zinc-deficicncy symptoms 

124, 

126 

in corn 


Protein formation, in plants — 



utiIiz;ition in cotton plant 

\i^ 

relation to potassium content 

i * • 

69 

Soil— 


relation to sulfur content 

• * ♦ • 

/ 

acidity — 

• 


Purvis, E. R.: Plant-Nutrient 

De- 


content for pot.Uoe^ 

1 10 

ficicncies in Vegetable or Truck 


effect on alfalfa 

7 • ^ 

i. ' •. 

Crops. With J. J. Skinner 

171- 

-200 

effect on red cl()\er 


Radishes — 



measurement 

U 1 ' 

nitrogen deficiency 

» J . • 

174 

relation to plant -nutrient . 

\v ,ul* 

phosphorus deficiency 

* 

1 / / 

ability 

14 -If. 

potassium deficiency 

. 

176 

relation to vigor of nodule 

b.u - 

Raspberry, red 



teria 

274 V 

increased vicld from applications 


tolerance in cotton 

1 

of— 



See also .\ciditv. 


copper 

. 

245 

acids, formation 

14-1' 

magnesium 


245 

See also Soils, acid. 


manganese . 

■ 

245 

a mmon i um < u 1 f a t e f orm a t i on 


Zinc - 


245 

calcium-carbonate reaction 

U 


Reagents for chemical tissue tests, 

preparation 88-80 

“Red rust,” in citrus, symptoms 314 

Root crops, brown -heart disease, 
description and cause 183-1 S4 

Roots — 

function in water system of plants 2-3 
injury by insects . 12-13 

Rosette — 

in apples, cause 220-230 


1 1 

16 


in tobacco, cause 

Rve — 

mr 

nitrogen-deficiency symptoms 
nutrient -deficiency symptoms 
yield increase from magnesium 


24 

SI 

9-S5 

84 


V-M 


ScARSETH, George D.: Why Do 
Plants Starve? With Norman J. 

Volk 

Silicon, content of cotton 140 

Skinner, J. J.: Plant-Nutrient De- 
ficiencies in X'egetable or Truck 
Crops. With E, R. Purvis 171-200 
Smalley, H. R.: Contribution to 
study of malnutrition symptoms v 
Soda ash, application with zinc sulfate 349 

Sodium — 

borate, application methods 120 

See also Boron, 

carbonate, cftect on solubility of 
plant nutrients • 

content of cotton 

oxide, in cotton fertilizer, ^e^ult^ 14^^ 


conditions, affcctini: erovvth of 
cotton 1 ^ 1 ' ’ 

formation of carbonic .uid 1-^ 

iron content 

nutrients and plant growth 13 
structure, improved by organic 
matter 

sulfate formation 
tests, values in diagnosis of nutri- 
tional deficiencies 

Soil Improvement Committee, con- 
tribution to study of malnutrition 

symptoms 

Soils — 
acid — 

application of liming materials 
in legumes 
iron availability 
magnesium deficiency 
manganese deficiency 
manganese excess, 
overliming 

phosphorus deficiency 
potassium deficiency in 
trees 

See also Soil. acid, 
application of manure in citrus 

groves 

application of minor clemei^ for 
profitable crops 

Atlantic and Gulf Coastal Plains 
magnesium deficiency 
calcareous, iron deficiency 
calcareous, manganese deficiency 


2*0 
0 

74, 116 
102 

121-122 

172 

60 

219 


341 


o 


index 


$ 


Page 

Soils — Continued 


Coastal Plain, potassium applica- 
tions increase soybean yields 281 

Corn Belt, magnesium deficiency . 74 

fertility, field indications 59 

Florida, zinc deficiency. . 78 

gray sandy loam, lime reactions. . . 137 
high-lime, potash deficiency. . . 60 

humid regions, nitrogen deficiency 60 

magnesium-deficient, location 114 

Midwest, nitrogen deficiency. , 60 

muck, potash deficiency. . . 60 

New England, magnesium defi- 
ciency in apple orchards. . 223 

New York, magnesium deficiency 

in apple orchards. 223 

nitrogen losses, preventive meas- 
ures 110 

nutrient status, diagnosis by weeds 

as “indicator plants” . 367 

orchard — 

calcium deficiency, induced by 
application of potash ... 22 1, 236 
magnesium deficiency, induced 
by application of potash 223, 239 
potassium deficiency, induced by 
application of lime . . 233-234 

“overliming injury*” 284 

pM scale values for acidity and 
alkalinity measurements 15 

phosphorus accumulation from fer- 
tilization 50 

presence of micro-metallic nutrients 
for cotton plants 13S 

response to fertilizers in South- 
eastern States. . 135-136 

sandy — 

ertect of overliming 12 


leaching process 173 

nitrogen deficiency 110 

nutrient deficiency . 122—123, 171 
potassium deficiency 112 

southern, nitrogen deficiency 60 

tobacco — 

phosphorus deficiencv . 23 

potassium deficiency 26 


tnjck-crop> — - 

manganese deficiency along At- 
lantic seaboard 121, 192 

upland, nitrogen deficiency .... 5 

^ ^getable-crop, nuirient deficien- 

m 

cies. corrective measures 199-200 

vegetables, nitrogen content 172-173 




W estern Henii.sphere, molybdenum 

deficiency ^ 195 

Sovbeans^ 


boron toxicity, causes ...... 286 

iron-deficiency symptoms .... 288 

magnesium-deficiency symptoms 282 
manganese-deficiency symptoms. 


286-287 

nitrogen-deficiency symptoms 2 74—276 
potassium-deficiency symptoms 278-2 79 
Spinach — 


manganese-deficiency symptoms, 

194-195 

“yellow,” distinction from man- 
ganese deficiency 194—195 

Spray — 

mixtures, source of copper in soil. 


123-124 

program, addition of arsenic and 


copper to soil lo.S 

Squash — 

magnesium-deficiency symptoms 182 
zinc-deficiency symptoms . 191-192 

Starch production in plants, relation 

to potassium content 69 

Strawberr>' — 

calcium-deficiency symptoms 246-247 
magnesium-deficiency symptoms 247 
nitrogen-deficiency symptoms 246 

phosphorus-deficiency symptoms 246 
potassium-deficiency symptoms 246 
Sugar — 

content, relation to phosphorus 

supply ... 6 

function in cellulose formation 3 

production in plants, relation to 
potassium content . 69 

Sugar beet — 

boron deficiency susceptibility 107 

boron requirement . 76 

Sulfat es, formation, relation to plant 
nutrition 4 

Sulfites, formation, relation to plant 
nutrition 4 

Sulfur — 

application rate for cotton 161 

content of — 


cabbage 7 

cotton 140 

plants 7-8 

deficiencv — 

in citrus. s>'mptoms 341-342, 350 
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eirmeffit 

ftjnctioft in gruwth of pLint 294^2^/2 

plaac rrquirrmenis tU-ll 

_ ^ 

Copper ; 1 roti : «%! angaries ; 
fMitrnum : Zim. 

Frucli crops' — 

ruiirrru lihcmphorua drl^« 
eicitry 1T6-177 

arra% magrursium cleric irncy 170^1^ 
cofiprr^clrftcimcy cympConii lOI 

phoaphorub-tirficirmry sympcofna, 

176-177 

plafU*nucrirni iieftcsmcic» J. J. 

Skinner and fc. K. Purvu 171-200 
|ji>i4f c«ium*€lrfi€iciicy syrnpicicns 174-176 
oifir Wgciabirf; and spccilic 
kiruh 
Turnip*'— 

tkiron dcncicncy» suscrpiibility 
bremn hearty borufi ds^ticiency 
magnesfuni -deficiency symptoms IfFl 


107 


•• • • • 


\ rgeiabic c 

borun-drlKirncy sympComi 
lakium-driictency sympeomi 
cupper-dctlcirncy jsympeorm 
ifon debcjency^ iympcum<» 

r]^agneiiiijm-iir6ciency sy'mpcorn i - 

mani^jne^ -deficiency ftyrnpcoms 
molylidenum-deftctrncy i»yrrippjrm 
nltrugrO'Clchciency sy mpcocns 
11 ucrirfU -deficient iy^mpcnm)^ key, 

lOjir-lW 

pbijnphoriB^tJrficlency iympeoms 
^.^^xa^^tem-cirdcieiicy cympeoms 19 5 

iul f y r clr ^ir nc y iym pccim s 

^wiency ^rmp(oms I9y 


199 
1 99 
IW 
191 

19 5 

196 
19 '! 
19 ^> 


borocipdetlc urfury »yTnpCu#Ti? 1 12 — 1 » 7 

b©ron rrqufrrmem I ^2 

ca^-fcsm-ckr^cTency lympcoms 177—175 

Aitrogrn-drfWiency nympcom:? 172-174 

nmnent^driictarncy fyinpcocna, »ym* 

197 - 19^5 
syTnpconLv 

1 7 6—1 7 7 

J J 

171-200 
174-176 
191-192 
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crops: and fpecMc 


VatK, SnmMX^i J .V , Imj - 

btarvr- Wtih Cvrorgc D ^cncir-th l=-lg 


2-3 


Water- 

content of plant! 
requirement per acre of tocn 
iydem of plant!, root function 2 - 
Weather effect on puia!i»iij! 7 i <ie- 
ficiency in cotton 157 

Weather effect oti sulfur debiriency 
in cotton 137 

W reels — 

drtklrncy symptom! 3^7 

* inilicalor f>iant!,^ for dlagnocing 
nutrient status of soils 367 

W^heat— 

m-igne^ium ckfu ierny sym^itofm 64—65 
nil roren-deficiency symptoms HI 

nutrient-detic iency symptom^ 7 *>-g 5 
phcMpfuirus^-dehriency symptoms 62 
pota%sium tieficiency— 

chemical tests g.j 

symiitoms gj ,^4 

3 rield increa-se from magnesium 64 


:jnc 


application rate for cotton 161 

catalytic action fricli manganese and 

10 


220-210 

10 

343-349 350 

78-79 
. 15 S -159 

76 
251 
10 


Cf^iprr 
deffeienry — 

in a tulles, sympu^ma 
in California soils 
in ciirm. sympttims 
in Com 5> mpcomis 
in cotton sympr<,ims 
m Flbfida soils 
in fruit trees Jiyynptoms 
in Gulf Ccta«t soile 
in legumee. symptoms 2^59-29 1 , 203 
in periches. syrrrptums 240-242 

in pcitafoes symptoms 124^ 126 

in squash symptom! 191-192 

in tobacco, ^ympeunvi J9— 40 42» 44 
in tomatoe!!, symptorm 192 

in veKetabie crops symptonis 19 s 
in srgrtaMei sympe<JRtff 191—192 
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